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GALL BLADDER FUNCTION. VHI 


It was thought that a modification of their method might offer addi- 
tional evidence on the fate of bilirubin in the gall bladder. 

There has been considerable controversy in the literature on gall 
bladder function as to whether cholesterol is absorbed from, secreted 
into, or merely concentrated in gall bladder bile. The polemic is an 
old one, having been carried on for years by Aschoff (2) and Naunyn 

(12) . The literature on this subject has been fully reviewed (6, 9, 10). 
Data on this controversial point are important because of the relation- 
ship which cholesterol bears to calculus formation. Recent papers 
published by Elman and Taussig (5, 6), and Elman and Graham (4) 
support the Naunyn hypothesis in that these workers present evidence 
which would appear to show that the normal gall bladder secretes 
cholesterol into the gall bladder bile. 

Data which we have accumulated do not agree with this point of 
view. The differences should be easily reconciled if a method can be 
devised which will permit quantitative studies in a normally function- 
ing gall bladder. We have recently described such a method (13). It 
permits quantitative studies in a gall bladder which is free of any duc- 
tal connection with the liver, but which retains its normal blood supply 
and major l 3 mphatic vessels. The animals are normal in that a large 
proportion of the bile from the liver still passes into the intestine. 
The appetite is unaltered and nutrition does not suffer. 

Method 

The method of intubation of the gall bladder has been sufficiently described 

(13) . It consists in isolating the gall bladder from any ductal connection with the 
liver and inserting a soft Nfilaton catheter through a slit in the hepatic duct just 
above the entrance of the right and left lobe ducts. The catheter is passed through 
the cystic duct to a position just inside the linnen of the gall bladder. 'When it is 
in situ a ligature is passed around the common hepatic duct and tied so as to hold 
the catheter in position. The catheter is brought out through a stab woimd to 
either side of the incision. 

The animals remain in excellent condition after operation.^ They are dressed 
with the same care used during the operation in order to maintain asepsis. 

This method has been used in this laboratory for over 2 years during 
which period we have been convinced that the preliminary operative 

^ The operations were done under ether anesthesia. 



C, MEGEL, C. G. JOHNSTON, AND I. S. RAVDIN 


3 


procedure does not alter normal function. Repeated inj'ection of the 
lymphatics after this procedure has shown that the major lymphatic 
drainage from the gall bladder is not disturbed. The cystic artery 
and vein are never damaged. The gall bladder is not handled during 
the operation. Every visible accessory duct is ligated if this can be 
done without damage to the gall bladder lymphatics or blood vessels; 
otherwise the animals are discarded. The studies on bile have all 
been made on the unanesthetized animal. 

Every preparation is tested for the presence of unligated accessory ducts and 
for the abilitj'- of the gall bladder to absorb water by placing a knouTi amount of 
normal sodium chloride in the gall bladderafterhaving cleansed it and permitting the 
solution to remain for from 1 to 3 hours. If accessory ducts have been overlooked, 
the clear solution becomes bile-tinged. Furthermore, every animal has been care- 
fully autopsied after the injection of methylene blue into the gall bladder. This 
serves as an added check on the presence of accessory ducts. These are so frequent 
in the dog that any experiment which fails to consider their presence is of doubtful 
value. We have recently completed anion-cation studies of hepatic bile subjected 
to gall bladder activity and have foimd that the organ as prepared by our method 
will alter the hepatic bile in composition so that the bile removed is nearly identical 
with the gall bladder bile removed from the organ at the time of intubation. 

The hepatic bile was obtained from cholecystectomized dogs after double cathe- 
terization of the common duct (14). Since the bile was never collected for longer 
than 24 horns before it was again turned into the duodemun, the animals remained 
in excellent condition. 

Cultures and smears were made constantly of the bile of the animals of each 
group and, as soon as infection occurred, they were discarded. Rigid asepsis is 
necessary in any experiment of this type. 

The bile pigment was estimated by the Hooper and Whipple method (7) with 
the modihcation of the inorganic standard as suggested by Rous and McMaster 
(15). A series of standards was found advantageous for close comparison with the 
unknowns. Furthermore, since nearly all of the determinations were made during 
the summer months, it was necessary to keep the tubes at a constant temperature 
for a definite period after the introduction of the acid alcohol. Controls run at 
the beginning of the experiment showed us that the maximum depth of the bluish 
green color developed after 4 hours at 38°C. This time and temperature were 
therefore adopted for all determinations. Merely waiting rmtil the color turns 
green, as recently suggested (6), results in inaccurate estimations of the pigment 
present. The color turns bluish green long before the maximum intensity is de- 
veloped. Occasionally the color becomes purplish or grajush so that comparisons 
are not possible. Using knoum amounts of pigment, the error of the Hooper and 
Whipple method has been about 5 per cent in our hands. 
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All bile pigment readings were made with a monochromatic neon lamp provided 
with a Corning filter. The neon tube was 32 inches long of i inch P 3 rrex tubing 
doubled on itself eight times. The filters were heat-resisting, red, 3.95 mm. thick, 
and heat-absorbing, 2.95 mm. thick, of medium shade. 

The cholesterol was determined by the method of Autenrieth and Funk, as 
described by McMaster (11) with readings against a known cholesterol standard. 
The error in the determination of known amounts in our hands has been from 10 
to 15 per cent. The method is far from ideal. 

RESULTS 

Bile Pigment . — Known amounts of hepatic bile of a determined bile 
pigment concentration were introduced into the gall bladder and 
permitted to remain there for from 2 to 24 hours. In some of the 
experiments further additions of hepatic bile were made from time to 
time so that the total amount of hepatic bile received by the gall 
bladder was frequently several times that which the organ originally 
held. When the bile was withdrawn, its amount was carefully de- 
termined and the gall bladder was then washed out twice with normal 
saline. The concentration of the pigment in the specimen and in the 
washings was then determined and the two added in order to find the 
total amount recovered. 

Table I shows the changes in fluid content after hepatic bile was 
placed in the gall bladder. These vary considerably because of 
differen ce in the time when the last hepatic bile was introduced. From 
64 to 93.4 per cent of the introduced fluid was removed in a 24 hour 
period. 

It is evident that in those instances in which the amount of pigment 
withdrawn exceeded the amount introduced the increase was small 
and was within the error of the method. In sixteen of the eighteen 
experiments there was a small apparent loss of bile pigment. In only 
three instances (Dogs 521, 44, and 45) did the amount lost exceed the 
error of the method and then only very slightly. In these experiments 
the fluid change was from 26.5 to 2.5 cc., 32.5 to 7 cc., and from 25 to 
4.5 cc. respectively. The pigment loss was therefore relatively small 
in comparison to the fluid loss of 90.6, 81, and 86 per cent. 

Table II gives the results of eleven experiments in which hepatic 
bile was placed in the bile-free gall bladder and cholesterol determina- 
tions made. The cholesterol concentrations of the introduced material 
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varied from 11 mg. per 100 cc. to 46 mg. per 100 cc. of bile. These 
concentrations are all below those of cholesterol in dogs blood. The 
concentrations in the bile removed from the gall bladder after the 

TABLE I 

Bile Pigment Changes in Hepatic Bile Subjected to Gall Bladder Activity 
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washed was there an increase in the total amount of cholesterol re- 
moved over the amount introduced, and this was well within the error 
of the method. The mean difference between the amount of choles- 
terol introduced and the amount removed at the end of the experiment 
was 10.5 per cent. In every experiment except one the percentage 
removal of fluid was considerably greater than the percentage loss of 
cholesterol. In this experiment, Dog 65, the bile placed in the gall 


TABLE n 

Cholesterol Changes in Hepatic Bile in the Gall Bladder 




Concen- 
tration in 

Copcen- 
tration out 

Volume 

in 

Volume 

out 

Amount 

in 

Amount 

out 

Amount 

change 

Change 



jm./iOO cc. 

\gm./100 cc. 

cc* 

CC. 


tns. 

ms> 

per cent 

702 

30 

0.046 


49.0 

15.5 

22.5 

23.5 

-fl.O 

+ 4.4 

642 

211 

0.026 


50.5 

6.8 

13.1 

11.3 

-1.8 

-13.7 

642 

24 

0.026 

0.062 

33.0 

8.0 

8.6 

6.8 

-1.8 

-20.9 

737 

24 

0.026 

0.087 

35.0 

8.5 

9.1 

8.4 

-0.7 

-7.6 

190 

6 

0.019 

0.031 

40.0 

16.0 

7.6 

5.0 

-2.6l 

-12.7* 

190 

12 

0.016 

0.050 

60.0 

20.0 

9.6 

10.0 

+0.4/ 

218 

5 

0.027 

0.096 

20.0 

7.5 

5.4 

7.2 

+1.8' 



218 

12^ 

0.027 

0.140 

20.0 

3.0 

5.4 

4.2 

-1.2 


-18.1* 

218 

7 

0.026 

0.029 

20.0 

6.0 

5.2 

1.7 

-3.5J 



65 

24 

0.123 

0.124 

10.0 

1 

9.5 

12.3 

11.8 

-0.5 

-4. Of 

1123 

24 

0.011 

0.025 

48.75 

19.0 

5.4 

4.8 

-0.6 

-11.1 


* No washings, 
t Gall bladder bile. 


bladder was the gall bladder bile from another dog. The loss of fluid 
in this experiment was quite small, as would be expected. 

In order to show the error which may arise if accessory ducts are 
not carefully excluded, Table III is presented. In every instance 
tabulated, one or more accessory ducts existed which were not seen at 
operation. Some of these entered the gall bladder directly while 
others emptied into various portions of the cystic duct. Thus hepatic 
bile was being added to the gall bladder over and above the amount 
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wHch we were introducing artificially. The concentrations of choles- 
terol in the bile introduced varied from 12.0 to 26.0 mg. per 100 cc., 
while that of the bile removed from the gall bladder varied from 35.0 
to 150 mg. per 100 cc. In every instance there was an increase in 
the total amount of cholesterol removed, although in every other 
respect (loss of fluid, concentration, etc.) the results were quite similar 
to those obtained from animals whose gall bladders had no accessory 
ducts. The increase in the total amount of cholesterol was above the 
amount which could be explained by the error of the method of 
determination. 

That infection of the gall bladder may cause the cholesterol recovered 
to be greater in amount than that introduced is shown in the following 


TABLE m 

Cholesterol — Dogs with Accessory Ducts 


Dog No. 

Time 

Concen- 
tration in 

Concen- 
tration out 

Volume 

in 

Volume 

out 

Amount 

in 

Amount 

out 

Amount 

change 

Change 


hrs. 


[gm./tOO cc. 

cc. 

cc. 


ms. 

ms. 

per cent 

610 

21 


0.082 

40.0 

7.3 

4.8 

6.9 


+47.9 

610 

48 

0.012 

0.082 

56.0 

10.5 

6.7 

8.6 


+28.3 

639 

30 

0.020 

O.ISO 

56.0 

13.5 

i 

11.2 

23.7 

12.5 

-fill. 6 

640 

17 

0.026 

0.132 

20.0 

1 

2.3 

5.2 

6.2 

1.0 

-f-19.2 

640 

24 

0.026 

0.055 

40.0 

26.0 

10.4 

14.3 

3.9 

+37.5 


experiment; — ^Dog 190. After infection of the gall bladder wall we 
obtained a 96 per cent increase in the total cholesterol in a 24 hour 
period. The total amount of cholesterol introduced was 12 mg. while 
the total amount removed was 23.5 mg. 

DISCUSSION 

As already stated, studies in this laboratory have shown us that the 
type of preparation we are using provides a normal gaU bladder. 
Hunt, Davis, and Boyden (8) have shown that ligation of the cystic 
duct or tying the cystic mesentery in such a way as to produce stasis 
in the gall bladder, even though the arterial circulation is not inter- 
rupted, results in cholecystitis. The changes which they found 
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ranged from the mildest inflammation to hydropic distention of the 
gall bladder. 

The disappearance of bile pigment during an inflammatory reaction 
of the gall bladder wall cannot be taken as evidence that, under normal 
conditions, the same thing will occur. In Dog 1119, after infection, 
33.8 per cent of the bile pigment was lost from the gall bladder in a 2.5 
hour period and, in Dog 17, 36 per cent of pigment was lost in a 2 hour 
period. We do not know whether this loss is due to absorption of the 
pigment or to a change in its composition making quantitative deter- 
mination impossible. 

Several facts are obvious from an analysis of our bile pigment data. 
If the bile is merely removed from the gall bladder without rinsing the 
organ, the amount of pigment recovered may be considerably lower 
than one would expect from the percentage of fluid lost from the gall 
bladder. In fact the pigment concentration may appear to be but 
slightly changed from that of the bile introduced. The amount re- 
covered in the washings makes plain the fact that pigment clings to 
the gall bladder wall. Since the gall bladders used in these studies 
were carefully cleansed before the introduction of the hepatic bile, the 
pigment attached to the wall at the conclusion of the experiment could 
only have come from the bile introduced. A considerable amount of 
this can be removed by repeated aspiration and reinjection of the bile, 
as was done in Dog 1134, but the results vary. Therefore we finally 
adopted the method of merely aspirating the contained bile with a 
Luer syringe and subsequently washing the gall bladder with a mea- 
sured amount of saline. 

Undoubtedly the low pigment concentrations which are often 
reported for gall bladder bile are the result of a failure to recover the 
total pigment present. It is impossible, even by the method which we 
used, to recover quite all the pigment introduced since washings 
subsequent to those used in the final determination give dilutions so 
low as to make analyses untrustworthy. The mean loss of pigment 
in the eighteen experiments was 5.36 per cent and the median was 4.8 
per cent. 

We do not believe that one can assume from the data presented that 
any pigment is absorbed. Furthermore, we have repeatedly cannu- 
lated the cystic l}Tnph vessels as did Rous and MclMaster (15) and 
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have failed to demonstrate the presence of any bile pigment in the 
lymph from the gall bladder wall. 

A difference of opinion still exists as to whether cholesterol is absorbed by the 
gall bladder mucosa (AschoS), or is secreted by it (Naunyn). Among the more 
recent work supporting the absorption theory may be mentioned that of Torinoumi 
(17), Illingworth (9), Boyd (3), and Andrews, Schoenheimer, and Hrdina (1). 
Boyd (3) did not actually measiure the cholesterol content of gall bladder bile, but 
drew his conclusions from histologic studies and from changes in the cholesterol 
content of the blood after cholecystectomy. Illingworth (9) concluded from 
experiments on two cats that when cholesterol is present in excess it can be 
absorbed. He gave no data on the amount of fluid in the gall bladder at the time 
of autopsj'. The amount which ma}' have precipitated out of the emulsion was not 
considered. If the contents increased considerably during the period of study it 
is likely that the gall bladder was not normal. 

Torinoumi (17) found that cholesterol was absorbed from the normal gall bladder 
and secreted into the infected gall bladder. Andrews, Schoenheimer, and Hrdina 
(1) agree with these findings, although they have published no data to prove ab- 
sorption in the normal animal. Elman and Taussig (5) found that, after ligation 
of the cystic duct, both the concentration and the total amount of cholesterol in 
the gall bladder were increased as a rule. 

Elman and Taussig (6) and Ehnan and Graham (4) have more recently reported 
cholesterol analyses of hepatic and gall bladder bile from the same animal. The 
method which they used for estimating the amount of bile flo\ving into the gall 
bladder was the partitioning ligature method used by Rous and McMaster (15). 
This method is not an exact quantitative method since the amount of bile secreted 
per gram of liver tissue may not be the same under the conditions of the experiment. 
Furthermore, no mention is made of the exclusion of accessory biliary ducts. 
Failure to eliminate these may give results similar to those which Elman and his 
associates have presented for apparently normal animals. 

While Rous and McMaster (15) have shown that bile pigment 
under normal conditions is excreted in nearly uniform concentrations 
from different portions of the liver, there are no data upon which one 
can base the assmnption that every other constituent of the bile is 
similarly excreted. Furthermore, the experiments of Elman and 
Taussig (6) which use bile pigment as a measure of gall bladder activity 
fail to show concentration of bile pigment in two of the four experi- 
ments, a condition we have never encountered in the normally func- 
tioning gall bladder of the dog. 

From histologic studies made in this laboratory, and from the 
observations of Hunt, Davis, and Boyden (8) it would appear useless 
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to consider as normal the cholesterol figures obtained from animals 
whose cystic duct has been ligated. It would seem equally useless to 
discuss any data in which the numerous accessory ducts entering the 
cystic duct or gall bladder had not been taken into account in estimat- 
ing the total bile received by the gall bladder. 

The increases in cholesterol content which Ehnan and Taussig (6) 
and Elman and Graham (4) have found in human gall bladder bile 
were from obviously diseased gall bladders. That cholesterol may 
increase when infection or inflammation is present cannot be doubted. 
The data presented from Dog 190 after infection had occurred agree 
with their findings. One cannot assume, however, that the gall 
bladder membrane acts in exactly the same manner when normal and 
when diseased. 


SUMMARY 

The data obtained from the experiments on dogs reported in this 
paper lead us to conclude that bile pigment is not absorbed from the 
gall bladder bile. The mean loss of pigment is so small when compared 
with the amount of water lost that it is negligible. 

Our cholesterol data do not support the concept that this substance 
is secreted into the gall bladder bile of the dog under normal condi- 
tions. In the majority of experiments there was a loss of cholesterol. 
Indeed we have failed to find any evidence of definite secretion or 
absorption save in the case of the infected gall bladder. We are led 
to conclude, as did Rous and McMaster (15) with regard to bile 
pigment, that normally there is no absorption of cholesterol. 
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STUDIES ON VIRULENCE. IV 


Duran-Reynals (6) (1929), studying the effect of various organ extracts on vaccine 
virus, reported that as judged by the extent of lesions, testicle, kidney, and skin, 
and probably liver, brain, and placenta enhance the activity of the virus in rabbits. 
Pana (7) (1930) found that adrenalin or the suprarenal gland had no effect on the 
growth of B. coli, but that extracts of hypophysis, muscle, thymus, testicle, and 
thyroid increased the growth in this order. Applying the results of Duran- 
Reynals, Pijoan (8) (1931) tested the effect of testicle, kidney, and spleen extracts 
on twenty bacterial species, and as judged by the extent of the lesion produced, 
reported definite enhancement by testicular extract, slight enhancement by kidney, 
but lesions less than ordinar}'- with spleen, at least when the organism used was 
staphylococcus. 

Methods of Sltidy 

In our previous work (9) in which an automatic device was used to 
make transfers every 2 to 4 hours, it was found that some media, not 
suitable for maintenance of virulence under ordinary transfer methods, 
would maintain this characteristic in this apparatus. Thus milk as a 
medium was observed to maintain or even to increase the virulence of 
some strains of pneumococci grown in the automatic transfer appara- 
tus. Since conditions of growth supplied by the automatic transfer 
device differ from those of ordinary methods of transfer and perhaps 
more nearly simulate those found in the animal body, the possibility 
is suggested that the influence of the medium on the virulence of the 
organism might be better established in this apparatus. 

It might be mentioned here that recently two other workers have 
described apparatus for continuous growth of organisms. A device 
similar to the one used in our experiments, described by Weiner (10), in 
1927, was used by Friedlander and Meyer (11), and Friedlander and 
Hertert (12) in a study of the virulence of B. aertrycke. No increase of 
the virulence of this organism was found in 3 or 6 hour periods of 
transfer, for either mice or guinea pigs; but the authors suggested the 
possibility that this result may have been obtained because the organ- 
ism was of maximum virulence at the beginning of the experiment. 
Also an apparatus, which was essentially a specially constructed, slow- 
running filter was suggested by Haddon (13) (1928) for continuous 
growth; but results of the use of this apparatus have not been found 
in the literature. 

The present study is a report of the effect on virulence of growth of pneumococci 
in an automatic transfer apparatus on media made from different organ extracts. 
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STUDIES ON VIRULENCE. IV 


Calf Heart Medium 

This experiment is similar to the previous one except that the 
medium was made from heart, instead of lung, of the calf. As in the 
case of lung, preliminary experiments indicated that heart medium 
supplied the necessary constituents for maintenance of virulence over 
short periods of time. Hence, in the experiment in Table II, the first 
estimation was made only after 72 transfers at 2 hour intervals. The 
average number of organisms per cubic centimeter in the growth 
receptable was higher in heart than was observed in lung medium. 
Since virulence tests in this experiment were run in dilutions no higher 
than 1-10,000,000, the end-point may not have been reached. It 


TABLE n 
Calf Heart Medium 
2 hour interval of transfer 


No. of transfers 

No. of organisms per cc. 

No. of organisms constituting 
fatal dose 

72 

120,000,000 

120 

192 

50,000,000 

50 

360 

240,000,000 

24 

432 

230,000,000 

23 

504 

250,000,000 

25 


is, however, quite evident that even after 504 transfers, the organism 
retained a high, and in all probability its maximum, virulence. 

Calf Spleen Mednim 

Under ordinary methods of transfer spleen infusion proved to be 
unsatisfactory for maintenance of growth of pneumococci. However, 
the organisms were found to multipl)’' on this medium when inoculated 
in the apparatus which made periodic transfers of culture at short 
intervals. To demonstrate the effect on virulence, two experiments 
are reported (Table III), the one on undiluted spleen medium and the 
second on spleen medium diluted with equal parts of physiological 
salt solution. When undiluted medium was used, a 4 hour period of 
transfer was found necessary to permit growth. In the diluted 
medium, however, a 2 hour interval was sufficient. The outstanding 
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differences between the growth on this organ extract and that on heart 
or lung extract were first, depression of the rate of multiplication of the 
organism, and second, rapid decrease in virulence. These differences 
are particularly well brought out in undiluted spleen medium. How- 
ever, even with diluted medium, although virulence remained maxi- 
mum through 168 transfers, there was subsequently a gradual decrease 
until 1 cc. of the culture containing 16 million microorganisms, was 
necessary to produce a fatal infection. The difference between the 
diluted and undiluted media would indicate that there may be some 
substance in the spleen which causes a decrease of virulence at least of 


TABLE m 
Calf Spleen Medium 


No. of transfers 

No. of organisms per cc. 

No. of organisms constituting 
fatal dose 

Undiluted medium — 4 hour interval of transfer 

42 

25,000,000 


78 

20,000,000 


120 

10,000,000 

10,000,000 

Diluted medium — 2 hour interval of transfer 

168 

11,500,000 

11 

240 

280,000,000 

280 

336 

100,000,000 

10,000 

600 

16,000,000 

16,000,000 


Type I pneumococcus. Whereas the diluted medium produced better 
growth and maintained virulence over a relatively longer period, the 
tmdiluted caused a rapid attenuation. This finding is thus seen to 
parallel the results of the work of Duran-Reynals and of Pijoan that 
spleen extracts depress the activity of vaccine virus and the virulence 
of staphylococcus. 


Horse Skeletal Muscle Medium 

In previous work, calf skeletal muscle proved to be an unsatis- 
factory medium for maintenance of virulent pneumococci; an infusion 
without peptone caused a very rapid decrease. Addition of peptone 













18 


STUDIES ON VIRULENCE. IV 


or dextrose somewhat improved the quality of the medium, but in 
no experiment was it possible to make a medium from this extract 
which was capable of maintaining virulence. In the present experi- 
ment, skeletal muscle of the horse was used to determine the 
difference between the tissue from this animal and the one from the 
calf. As in most of the experiments with calf skeletal muscle, the 
medium in this experiment contained 1 per cent peptone. As can be 
seen from Table IV, this extract not only supported a rapid growth 
but also maintained a high degree of virulence over the period repre- 
sented by 258 transfers. It would appear thus that tissues of the 
same type from two animal species contain, or lack perhaps, substances 
which cause the difference in activity of these extracts. For both 


TABLE TV 

Horse Skeletal M-iisclc Medium 
2 hour interval of transfer 


No. of transfers 

No. of organisms per cc. 

No. of organisms constituting 
fatal dose 

54 

44,000,000 

4 

102 

140,000,000 

14 

144 

240,000,000 

24 

210 

200,000,000 

20 

258 

124,000,000 

12 


support growth equally; yet growth on the one, calf skeletal muscle, 
results in a decrease of virulence, while growth on the other, horse 
muscle, causes no alteration of this property. 


Normal and Immune Horse Sera as Media 

Serum from normal animals has been found by many investigators to 
maintain virulence of various microorganisms over at least a short 
period of time. Because of the observations of Stryker (14), confirmed 
by other investigators, that antipneumococcus horse serum supports 
the growth of pneumococcus but with a resultant rapid decrease in 
virulence, this experiment was planned to ascertain whether growth 
in vitro in the automatic transfer device would give similar results. 
This experiment consequently is a report of the difference in results 
obtained by the growth of pneumococci on normal horse serum and on 
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growth of pneumococcus, but, as in the case of the whole immune 
serum, caused a sudden drop in virulence. The water-insoluble frac- 
tion of the antipneumococcus serum was found to contain all the so 
called antibodies of pneumococcus. It would appear therefore, that 
the pneumococcus antibod}’- is in the fraction of immune serum which 
causes the decrease in virulence. ■ 

Rabbit and Guinea Pig Media 

In addition to the study of organ tissue extracts, two experiments 
are included on the extracts of two animal species, rabbit and guinea 


TABLE VI, a 
Whole Rabbit Medium 


No. of transfers 

No. of organisms per cc. 

No. of organisms constituting 
fatal dose 

2 hour interval 

36 

240,000,000 

24 

84 

100,000,000 

10 

180 

8,000,000 

8,000 

240 

50,000,000 

50,000 


4 hour interval 


60 

60,000,000 

6,000 

102 

50,000,000 

5,000 

150 

20,000,000 

2,000 

198 

20,000,000 

2,000,000 


pig. These were chosen because of their difference in susceptibility 
to pneumococcus infection: the rabbit being highly susceptible, the 
guinea pig less so. The technic in preparing the media here used was 
similar to that given above, the only difference being that the entire 
animal including skin and bones, except the intestinal tract, was 
ground and infused. Table VI, a, represents the results obtained in 
the case of the rabbit medium with 2 and 4 hour intervals of transfer. 
With the 2 hour interval the virulence remained high for 84 transfers, 
then decreased gradually to an avirulent state. The longer period of 
transfer showed a lower rate of multiplication and a more rapid 
decrease in virulence than the 2 hour period. 
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vitro, media made from those organ extracts which have been shown 
to furnish conditions suitable for maintenance of virulence were 
inoculated with avirulent organisms. Briefly, it was found that whole 
guinea pig medium, calf heart medium, and horse skeletal muscle 
infusion all failed to enhance the virulence of a relatively avirulent 
pneumococcus. With lung medium, however, avirulent pneumococci 
were restored to maximum virulence. 

TABLE VII 


Influence of Lung Medium on Avirulent Culture 


Culture No. 

Interval 

No. of transfers 

No. of organisms 
per cc. 

No. of organisms 
constituting 
fatal dose 


hrs. 




5 

2 

168 

110,000,000 

110,000 



372 

80,000,000 

80 



444 

30,000,000 

30 



600 

20,000,000 

2 

5 

4 

84 

70,000,000 

7,000 


1 

180 

70,000,000 

7,000 



342 

130,000,000 

13 



378 

250,000,000 

2 

5 

8 

42 

160,000,000 

1,600 



108 

140,000,000 

1,400 



150 

180,000,000 

180 



189 

80,000,000 

8 

6 

4 

84 

90,000,000 

90,000 



216 

3,500,000 

35,000 



342 

200,000,000 

2,000 



378 

180,000,000 

18 



414 

350,000,000 

35 


Two of the avirulent strains studied are included in this report. 
Culture 5 in Table VII was attenuated to such degree that 1 cc. of the 
S hour culture was necessary to produce a fatal infection in white mice. 
From the table it is seen that, with 2 hour intervals of transfer on lung 
medium, after 372 transfers 80 organisms caused the death of a mouse, 
and after 600 transfers the pneumococci were of maximum virulence. 
With a 4 hour period of transfer, the same effect was obtained after 378 
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transfers, and with 8 hour intervals after 189 transfers. Culture 6 
was a strain of Pneumococcus Type I obtained from a normal throat, 
and was of such low virulence that 1 cc. failed to kill a mouse but 2 cc. 
caused a fatal infection. Here again the culture after 378 transfers 
was raised to maximum virulence. 

So far this lung medium has been used on seven different avirulent 
strains of pneumococcus, including one Type II and one Type III, and 
in each instance, as judged by ability to kill white mice, there was an 
increase in the virulence of the organism. No attempts have been 
made to increase the virulence on lung medium of an avirulent strain 
developed from a single cell. Hence, it is impossible at present to 
state whether this process is simply a matter of selection of virulent 
organisms or whether it is an inherent change in the cell itself. How- 
ever, it should be borne in mind that the avirulent organisms multiply 
in this medium seemingly at the same rate as the virulent ones, and 
thus that the process would appear to be one not of killing the aviru- 
lent organisms, but of changing them in such manner that they are 
capable of producing disease in the experimental animal. 

DISCUSSION 

The work represented in this study is preliminary, and any final 
deductions in regard to specific tissue activity and virulence are not 
warranted. However, the results obtained on lung media in relation- 
ship to the predilection of the pneumococcus, and the localization of 
this organism in human pneiunonia, are suggestive of a relationship 
between specific substance and virulence. This relationship gains in 
likelihood from the fact that, whereas other tissue extracts which have 
been tried permit at most only the maintenance of virulence, lung 
extract alone of the various extracts tested supplies conditions favora- 
ble to an increase of this characteristic. 

That the conditions furnished by the automatic transfer device play 
a definite role in obtaining the results here represented, is clearly shown 
by a comparison of the results and those obtained by the growth of 
pneumococci on the various tissue extracts with ordinary transfer 
methods. Thus during our work in the last 5 or 6 years, media made 
from different organs have been used to maintain the virulence of 
pneumococci for the mouse protection test. It was readily found that, 
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using the customary method of transferring, heart muscle, skeletal 
muscle of the calf or horse, or lung media alike were all unsatisfactory 
in maintaining virulence. More than that, when the extracts from 
different organs, with and without peptone, were used to grow the 
pneumococcus from repeated mouse passages, no one extract was 
noticeably superior to the others for maintenance of virulence. Lung 
medium especially has been tried with just as indefinite results as any 
other tissue. It would thus appear that conditions winch allow a 
rapid multiplication of the organism in the presence of young viable 
cells without repression in the so called lag period, really produce 
significant differences in the maintenance and increase of virulence 
outside of the animal body. 

It should also be pointed out that during this study agglutinability 
of pneumococci against immune sera was tested almost as a routine 
procedure. In support of the theory of microbic dissociation, it was 
found that when the organism decreased in virulence, it became 
agglutinable in a higher dilution with a given immune serum than in 
the original virulent state. Conversely, as an a virulent organism 
became virulent, as in the case of the experiment with lung medium, 
agglutinability decreased until it reached a constant, that is, a con- 
stant dilution of serum with which agglutination took place. 

CONCLUSIONS 

From the study of different tissue extracts as media for the growth 
of pneumococci used in an automatic transfer device, certain inferences 
are warranted: 

1 . Media made from calf lung or heart, or from horse skeletal muscle 
maintain virulence over a long period of time. Conversely, media 
made from calf spleen lead to a decrease in virulence. 

2. Lung medium causes an increase in virulence of seven strains of 
pneumococci. 

3. Virulence is maintained in normal horse serum; but, it rapidly 
decreases in immune serum, or in pneumococcus antibody solution, 
a finding which confirms the work of Stryker. Immune serum freed 
from protective antibody gives results similar to normal serum. 

4. Rabbit medium made from the entire animal apparently is less 
suitable for the maintenance of virulence of pneumococci than medium 
made in the same way from guinea pig. 
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STUDIES ON VIRULENCE. V 


in the culture incubated under pure oxygen. Thus from this very short summary 
of investigations on the influence of aerobic or anaerobic conditions on the virulence 
of microorganisms, it would seem that conditions for the maintenance of this 
characteristic varj^ with different microorganisms. 

The present study is a report of investigations on the effect of oxy- 
gen, nitrogen, and carbon dioxide on the virulence of pneumococci. 
Inasmuch as growth in an automatic transfer device was found to be 
more nearly like that in vivo than cultivation by ordinary transfer 
methods, such an apparatus was used in this study. 

The automatic apparatus described in an earlier publication (9) was altered only 
in that the air inlet on the growth receptacle was connected to a gas supply and the 
usual cotton plug in this receptacle was replaced by a rubber stopper (Chart 1). 
The gas was furnished by means of an ordinar 3 " laborator^r gas bottle arrangement, 
consisting of a bottle filled with water by means of a siphon. The air inlet to tliis 
water bottle was made air-tight with a rubber connection which was in turn 
clamped by a magnetic release operated by time-clock, which simultaneously 
opened the clamps on both the water bottle and the medium inlet. Bj'- release of 
the clamps, sufficient water was siphoned into the gas bottle so that between 20 
and 25 cc. of gas were forced through the fresh supply of medium in the growth 
receptacle. It was found that the lag in the gas pressure equilibrium, after water 
flowed into the gas bottle, was sufficient to allow gas to bubble through this fresh 
quantity of medium after the growth receptacle was filled. The actual pressure 
of gas was not measured, but a sufficient quantity was bubbled through the 
growth receptacle to warrant the assumption that the medium was practicall}’' 
saturated with gas at each interval of transfer. The outlet of the receptacle was 
sealed b}"- the fluid medium owing to the slightly positive residual pressure in the 
gas bottle. Consequently the gas pressure remained practicall}' constant through- 
out the period between transfers. 

As in previous work, virulence tests were made by injecting mice with dilutions 
of culture in logarithmic series. The rate of multiplication was judged by the 
number of organisms found on rabbit blood agar plates of three different dilutions 
from each culture. 


Oxyge7i, Nitrogen, and Carbon Dioxide 

This experiment was planned to determine the effect of 100 per cent 
concentrations of oxygen, carbon dioxide, and nitrogen respectively 
on the virulence of Type I pneumococci. Horse skeletal muscle in- 
fusion was chosen as medium for growth, because, as shown in the 
previous paper (10), it had been found to maintain virulence under 
aerobic conditions in the automatic transfer device at least over a 
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period of 258 transfers. Each apparatus used was regulated to replen- 
ish medium and gas every 4 hours. The virulence was tested three 
times, namely after 72, 120, and 162 transfers. A summary of the 
results. Table I, shows that the number of organisms averaged highest 
in the culture under nitrogen, and least under oxygen. Both oxygen 
and carbon dioxide were found after 162 transfers to reduce the patho- 
genicity of the organism to such degree that in the former 400,000 
organisms were required to kill a mouse, and in the latter, 140,000,000 
were not enough to kill. Nitrogen, however, in the same period 

TABLE I 

Comparison of Oxygen, Nitrogen, and Carboyi Dioxide 
Horse Skeletal Muscle Medium 
4 hour interval of transfer 


Gas 

No. of transfers 

No. of organisms 
per cc. 

Minimal lethal 
dilution 

No. of organisms 
constituting fatal dose 

O-Tcygen 


10,000,000 

1-1,000,000 

10 



8,000,000 

1-100 

80,000 



40,000,000 

1-100 

400,000 

Nitrogen 

72 

80,000,000 

1-10,000,000 

8 


120 

100,000,000 

1-10,000,000 

10 


162 

90,000,000 

1-1,000,000 

90 

Carbon 

72 

16,000,000 

1-10,000,000 

2 

dioxide 

120 

18,000,000 

1-1,000 

18,000 


162 

140,000,000 

1 cc. failed 

140,000,000 


allowed development of the organism to such degree that only 90 
organisms proved fatal. The virulence is thus seen to have remained 
maximum under nitrogen, decreased gradually under oxygen, and 
dropped precipitately under carbon dioxide. 

In addition to the observations of the effect on virulence, dissocia- 
tion from S to R forms was very clearly shown. At no time in the 
culture under nitrogen were there found any R forms; but with culture 
under carbon dioxide, especially toward the end of the experiment, 
there were very few S forms remaining; and with oxygen the dissocia- 
tion from day to day showed a progressive increase in the number of 
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maintained on horse skeletal muscle medium under aerobic conditions 
or under nitrogen. So it seemed likely that the optimum concentra- 
tion of oxygen would be approximately that found in the atmosphere, 
but that perhaps a smaller pressure of oxygen would not be destructive 
of virulence. However, in several experiments it was found that a 
small amount of oxygen in the presence of nitrogen caused a decrease 
in virulence. One experiment is given as an example. The organism 
was grown on horse meat infusion under mixtures of respectively, 5 
parts of oxygen with 95 parts nitrogen by volume, 10 with 90, 20 with 
80, and finally 100 per cent nitrogen. As seen in Table II, under 
pure nitrogen the virulence remained at a maximum, and, with the 
20 to 80 oxygen-nitrogen mixture, was still high, but showed some 
decrease; with the other gas mixtures, however, there was a very pro- 
nounced decrease in virulence. No higher concentration of ox3’’gen in 
nitrogen has been tried than the 20 to 80 mixture, but it would appear 
from this experiment, and others, that oxygen in higher concentrations 
than 20 to 80 might be destructive of virulence in direct ratio to the 
oxygen concentration. This result with pneumococci is directly oppo- 
site to that obtained by Wilson with B. aerirycke. For Wilson showed 
clearly that not only was the virulence of this organism not decreased 
on pure oxygen, but that in reality it was increased. 

Growth with Nitrogen on Various Unfavorable Media under Aerobic 

Conditions 

This experiment is a study of the influence on virulence of the 
pneumococcus grown under nitrogen upon media which caused a 
decrease in virulence under aerobic conditions. Certain media under 
aerobic conditions, namely spleen, beef infusion, aminoid peptone, 
and powdered milk, have been found to support growth but cause a 
decrease in virulence. Because nitrogen caused no decrease in 
virulence on a favorable medium, these media were tested under 
nitrogen in the present experiment. Horse meat infusion under 
nitrogen was used as a control medium. As seen in Table III, the 
spleen medium, tested after 42, 78, and 120 transfers with 4 hour 
intervals of transfer, showed a decrease in virulence of the organism, 
but not so rapid as was reported in the previous aerobic study. With 
beef infusion, the results are more satisfactorj’-; for maximum virulence 
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the process of evaporation similar to the effect of heat on whole fresh 
milk. For in our second paper on virulence (11), it was found that 
milk wliich was heated for various lengths of time became unsuitable 
for maintaining virulence, in direct ratio to the length of time heated; 
that is, the longer the period of heating, the more rapid the decrease 
in virulence. However, when powdered milk was used as medium for 
growth of pneumococci under nitrogen, virulence was maintained at 
maximum for at least 120 transfers, with apparently only a 100-fold 
decrease after 186 transfers. 

It is thus seen that, although media unsuitable for maintenance of 
virulence under aerobic conditions became more favorable under 
nitrogen, at least the degree of anaerobiosis supplied under the con- 
ditions of this experiment did not suffice for maintenance of maximum 
virulence. Furthermore, other experiments have shown that avirulent 
organisms grown on these media with nitrogen failed to increase in 
virulence. 

Growth with Nitrogen on Guinea Pig, Rabbit, and Immune Mice Media 

It was reported in the previous paper that media made from whole 
guinea pig and from whole rabbit respectively acted differently in their 
influence on virulence of pneumococci grown under aerobic conditions; 
that is, while guinea pig medium maintained virulence, rabbit medium 
failed in this respect. To test the effect of anaerobic conditions, 
media made from these animals, as well as from discarded mice which 
had survived pneumococcus infection, and also from rabbit muscle, 
were used to grow virulent pneumococci under a pressure of 100 per 
cent nitrogen. Just as was found under aerobic conditions, guinea 
pig medium (Table IV) maintained the virulence to a liigher degree 
than did rabbit. However, it is apparent that guinea pig medium is 
not as satisfactory with nitrogen as it was found to be in the presence 
of atmospheric oxygen. Rabbit muscle, found aerobically unsuited 
for maintenance of virulence, is here shown to yield the same result 
under nitrogen. The discarded mice medium showed first a decrease 
in virulence similar to that with growth on immune serum; but unlike 
the effect of immune serum, the organisms on this medium later in- 
creased in virulence so that after a period of 246 transfers a very high, 
though not maximum, degree of virulence was attained. 
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Effect of Temperature 

During this study the mechanism controlling the temperature of 
the incubator room became defective with the result that the tempera- 
ture increased over a period of 2 days to 41°C. This change in tem- 
perature was not noted until after rnice had been injected with the 
cultures from the transfer machines that were operating at that time. 
It was observed that all cultures irrespective of the media had de- 
creased greatly in virulence during the period of higher temperatures. 
Such destructive influence of temperature on virulence has been noted 
by many investigators. Consequently it is our purpose here simply 

TABLE V 


Efect of Temperature {Aerobic Conditions) 
4 hour interval 




Temper- 

No. of 

No. of organisms 

Minimal lethal 



aturc 

transfers 

per cc. 

dilution 

Nov. 

3 

°C. 

36.5 

6 

70,000,000 

1-10,000,000 

Nov. 

5 

37 

18 

20,000,000 

1-10,000,000 

Nov. 

6 

37.5 

24 

34,000,000 

1-10,000,000 

Nov. 

7 

38 

30 

12,000,000 

1-10,000,000 

Nov. 

8 

38.75 

36 

10,000,000 

1-1,000,000 

Nov. 

9 

39.2 : 

42 

18,000,000 

1-1,000,000 

Nov. 

10 

39.5 

48 

30,000,000 

1-1,000 

Nov. 

11 

41 

54 

20,000,000 

1-1,000 

Nov. 

12 

42 

60 

12,000,000 

1 cc. 

Nov. 

13 

42 

66 

8,000,000 

1 cc. failed 


to present an experiment to show the effect of a gradual increase in 
temperature on the virulence of pneumococci when transferred at short 
intervals on medium which under aerobic conditions maintains maxi- 
mum virulence at 37.5°C. 

Inasmuch as horse meat infusion was found to maintain virulence 
through a relatively long period, this medium was used for the experi- 
ment. By four adjustments during each day of a 10 day period, the 
temperature was increased gradually from 36.5°C. on the 1st day to 
42®C. on the 10th day. Temperatures were read in the morning of 
each day at the time test samples were removed. It was found. Table 
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V, that although the number of organisms varied somewhat from day 
to day, there was a definite decrease only after the 1st day at 42°. 
Yet at this high temperature there were as many as 12,000,000 organ- 
isms per cubic centimeter. Virulence remained maximum up to 38°. 
From that time on, however, there was a rapid decline so that at a 
temperature of 42°, 1 cc. of culture, containing 12,000,000 organisms, 
was necessary to cause a fatal infection in a mouse. Subsequently 
this avirulent organism was passed repeatedly through mice in the 
usual manner without any perceptible return to its former virulent 
state. It would thus seem that the change which had taken place was 
apparently an example of a complete dissociation from S to R form. 

CONCLUSIONS 

The growth of a virulent Type I pneumococcus in an automatic 
transfer device on a mediiun which aerobically maintains virulence 
results in a decrease in the presence of pure oxygen or pure carbon 
dioxide, but in no change in the presence of nitrogen. Whereas par- 
tial pressures of oxygen, that is 5 parts with 95 parts nitrogen by 
volume, and 10 parts with 90 parts nitrogen, resulted in a decrease in 
virulence, with 20 parts oxygen and 80 parts nitrogen, the decrease was 
almost negligible. Media which under aerobic conditions failed to 
furnish suitable constituents for maintenance of virulence, that is 
spleen, aminoid peptone, powdered milk , beef infusion, whole rabbit, 
and rabbit muscle, also failed under nitrogen. Media from whole 
guinea pig kept the organism virulent for 246 transfers imder nitrogen, 
but with some decrease. Media made from discard mice, survivors 
of pneumococcus infection, furnished conditions under nitrogen, which 
caused first a decrease of virulence, but later after 246 transfers, a 
restoration to a more virulent state. Gradual increase in temperature 
over a period of 10 days from 36.5°C. to 42°C. in a sample of medium, 
which was othenvise suitable for maintenance of \drulence under 
aerobic conditions, resulted in a decrease in virulence. 
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REACTIONS TO EXTRACTS EROM TUBERCLE BACILLI 


In 1929, Rich and McCordock (8) in their studies on the relation of allergy to 
immunity and to the lesions in tuberculosis gave evidence to show that, clinically, 
meningitis occurs when a tuberculous focus in the brain or meninges ruptures, 
liberating living bacilli into the subarachnoid space. They think that the bacilli 
do not pass directly from the blood stream to the spinal fluid, but that the involve- 
ment of the meninges is due to the fact that some focus which had developed in a 
blood vessel or in the periphery of the brain becomes caseous and ruptures into 
the subarachnoid space, thereby liberating organisms into it. This idea fits well 
with the observations made in experimental work, for intravenous inoculations 
with living organisms rarely result in meningitis, and, when it occurs, a caseous 
area can be located which has ruptured into the subarachnoid space. 

The first of the present studies was made iwth living tubercle 
bacilli. 

Methods 

The organisms were introduced by the postorbital route, but this was soon given 
up since it was too difficult to obtain cerebrospinal fluid and to determine the e.\'act 
position of the point of the needle. It is essential to withdraw as much fluid as 
is injected in order to avoid the phenomena due to increased intracranial pressure. 
Cisternal puncture through the atlantooccipital ligament was found feasible. 
Later it was discovered that this method had been described in 1919 by Wegeforth, 
Ayer, and Essick (9). Better results are obtained if, after entering the skin and 
muscles over the area, the stylet of the needle is withdrawn before piercing the 
ligament. This affords the advantage of obtaining a free flow of fluid as soon as 
the point of the needle enters the cistema cerebellomedullaris, uith avoidance 
of tlie possibility of entering the medulla before one is aware tliat the needle has 
passed through the ligament. After one has become familiar wth the method 
there is no need for an anesthetic, since it causes little disturbance of the animal. 

The bovine tubercle bacillus used was the Strain B-1, originally isolated by Dr. 
Theobald Smith and obtained from the Saranac Laboratory. It was known to be 
virulent for rabbits. The suspension was prepared from a weighed quantity of 
bacilli grown on Petroff’s egg-gentian violet medium. Normal saline was added 
to make a suspension, the organisms were then counted in the Petroff-Hausser 
bacterial counting chamber, and a furtlier dilution made until 0.2 cc. contained the 
desired number (usuaUy 500,000). If any large clumps were present, the suspen- 
sion was filtered and recounted. 

Heat-killed organisms were prepared from a subculture of the B-1 strain as 
above. 100 mg. (moist weight) of organisms were ground in 10 cc. of freshly 
prepared normal saline. The suspension was heated in a water bath at 70°C. 
for 1 hour. Dilutions were made so that 0.2 cc. of the final suspension contained 
the desired number of organisms. 

Formalin-killed organisms were also prepared from a subculture of B-1 described 
above. 400 mg. (moist weight) of organisms were suspended in 20 cc. of normal 
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The cell was predominant in the reaction in the pia in the early stages of the 
disease, and later was found in the cerebrospinal fluid. It is shown in a photo- 
graph of living cells from the pia in Fig. 1. Its size, as can be judged from the red 
corpuscle in the lower right hand corner of the figure, was about that of an actively 
phagocytic clasmatoc 3 '^te or a large epithelioid cell. The cytoplasm was so com- 
pletely filled with vacuoles that the nucleus was entirely obscured. The vacuoles 
were of even size, uniformh’- stained, and reacted with the neutral tint of vital 
neutral red. The reason for the variations in the photograph is that the content 
of the vacuoles was highly refractive, suggesting lipoidal material, and, as is well 
known, highly refractive globules appear black when the focus is not in the equa- 
torial plane. 

It is difficult to classify this cell. It differs from the actively phagocj’-tic clas- 
matocyte usuall)’^ found in the tissues, the latter having vacuoles of different size 
which show the complete range of color of the d 3 '^e at different pH values, namefy, 
from red to 3 'ellow. Likewise, it has none of the characteristics of the typical 
monoc3ffe. 

Until the 15th day after the intrameningeal injection of the living 
bovine tubercle bacilli, the annuals showed no abnormal symptoms. 
Those allowed to live 15 days or longer had first a wealoiess of the 
hind quarters, became progressively worse, and finally developed 
partial paralysis by the 27th day. 

Although the rabbits shoAved no symptoms of meningitis until some 
time after injection, there was a definite cellular response which 
occurred during this incubation period. 

On tlie 1st day after the inoculation, supravital studies of the pia revealed the 
characteristic cell described above as having the vacuoles of even size and uniform 
staining reaction with the vital neutral red. There was an abundance of these cells 
throughout the pia and some in the dura. On the 2nd day the specimens could 
not be distinguished from those of the preceding da 3 ^ B 3 '- tlie 3rd day a definite 
increase in the number of fymphocytes and plasma cells in the specimen from the 
pia was observed. At the 4th day a few of the characteristic vacuolated cells just 
described showed certain changes; namefy, an increase in the number of tlie 
vacuoles, ivith a corresponding decrease in their size. The vacuoles at this time 
were larger than those of the cell designated by Sabin cl al. (11) as the coarse 
vacuole epithelioid cell. The predominance of fymphoc 3 ffes and plasma cells was 
observed. The next day (the 5th), there did not seem to be an 3 '’ increase in the 
number of cells with the smaller vacuoles. The cells with larger vacuoles were 
present in far greater proportion than those with the smaller. A scraping from 
tlic medulla and midbrain contained sheets of monocytes, some of which very 
nearb" approached t 3 "pical epithelioid cells (Fig. 2). Otherwise there Avas no 
change in the findings. For the period from the 6 th to the 15th da 3 ^, it was difficult 
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REACTIONS TO EXTRACTS FROM TUBERCLE BACILLI 


the injection of living bacilli. Acid-fast stains of the pia in one animal 
2 days after the last injection demonstrated acid-fast debris, but no 
whole organisms. Phagocytosis of this debris could not be detected. 


TABLE I 

Resnlls of hitrauieningeal Injections of Heat-Killed Tuicrclc Bacilli into Normal 

Rabbits 


No. of 
rabbit 

Amount of 
bacilli 

Intepal between 
injection and 
autopsy 

Course 

Autopsy findings 

R 1787 

8 million 

1 day 

Operative trau- 
ma. Killed 

Brain showed neither edema nor 
hemorrhage. Viscera normal. 
Supravital studies of the pia 
showed great numbers of the 
meningeal type of early epi- 
thelioid cell and a few lym- 
phocytes and plasma cells 

R1786 

8 million. 2 
days later 
8 million 

4 days 

Operative trau- 
ma at 2nd in- 
jection. Killed 

Brain covered with a blood clot. 
Viscera normal. Supravital 
studies of the pia showed great 
numbers of the meningeal 
epithelioid cells. Lympho- 
cytes were pronounced in 
both pia and dura 

R 1791 

8 million. 2 
days later 
8 million. 

2 days 
later 8 
million 

4 days 

Killed on day of 
last injection 

Brain slightly injected; no ede- 
ma and no hemorrhage. 
Viscera normal. Supravital 
studies of the pia showed the 
same cellular reactions as in 
R 1786 

R1782 

1 

1 

1 

1 

1 

i 

8 million 

1 

1 

28 days 

Animal normal. 
KiUed 

Brain appeared normal; no 
edema and no hemorrhage. 
Viscera normal. Supravital 
studies of the pia showed 
enormous numbers of the 
meningeal type of early epi- 
thelioid cell. No diminution 
in the size of the vacuoles of 
these cells 

R 1756 

1 

1 million 

33 days 

Animal normal. 
KUled 

Same as in R 1782 
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The two remaining rabbits, R 1757 and R 1783, » continued in good health until 
the 6Sth day after the first inoculation when R 1757 suddenly began to lose weight, 
became weak in the hind quarters and progressively worse. 13 days after this 
acute exacerbation, on the 78th day after injection, the animal was killed. R 1783 
had a similar history. This animal became ill on the 68th day and, being in 
exlremis after progressive weakness for 25 daj's, was killed on the 93rd day after 
injection. In these two animals no gross tubercles were observed in the brain or 
meninges. Scrapings from the ventral surface of the medulla, studied supra- 
vitally, showed numerous stimulated monocytes and tj^pical epithelioid cells. 
Cerebrospinal fluid removed directl}'- from the fourth ventricle as soon as the 
cranial cavity was opened showed these same cells. Fig. 3 shows a sheet of these 
cells in spinal fluid. Preparations of the pia, using the same technique, revealed 
the coarse vacuole cell described previously. Plasma cells and lymphocytes were 
present in unusually large numbers. The dura was thickened but contained no 
abnormal cellular elements. Histologically, the brain condition closelj'- resembled 
that of the last 2 animals (R 2029, R 2030) of the experiments with living bacilli. 

Two rabbits were inoculated with formalin-killed organisms. 
Neither showed abnormal signs. One was killed at the end of 1 month 
and exhibited pathological features similar to those of the heat-killed 
group at this period. The other rabbit was finally killed on the 129th 
day to terminate the experiment and at autopsy was found to be nor- 
mal except for an occasional cell with equal sized vacuoles of both 
large and small type in the pia. 

The number of animals in these two groups is too small to warrant 
conclusions. One can only say that the evidence points to the fact 
that heat-killed organisms are not innocuous when introduced into 
the meninges of the rabbit. They produce lesions similar to those 
obtained mth living organisms, but the time required for development 
is greatly prolonged. Further studies of these reactions are being 
made. 

Reaction in Normal and Tnbercnlous Rabbits to Subarachnoid Intro- 
duction of Bovine Phosphatide A-3 

Sabin and her associates (11) have injected as much as 80 mg. of 
phosphatide intraperitoneally in rabbits. It was plain that so much 
could not be injected into the subarachnoid space. 

^ These are serial munbers of the work of the department covering a term of 
years. 
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REACTIONS TO EXTRACTS EROM TUBERCLE BACILLI 


TABLE n 

Results of Inlrameningeal Injections of Tuberctilo-Fhosphalide into Normal Rabbits 



Amount of 

Interval between 

phosphatide in 
distilled water 

injection and 

autopsy 


Died in 21 
hrs. 


R 1605 0.1 mg. in 0.2 
cc. 


Killed 4tli 
day 


Course and autopsy findings 


R 1591 7.5 mg. in 1.5 Died in 21 No symptoms after injection. Appeared ill 
cc, hrs. following morning; head retracted to left; 

later clonic generalized convulsions, vertical 
nystagmus, coma, and death. Viscera nor- 
mal. Brain edematous and hyperemic. 
Supravital studies of the pia and dura showed 
clasmatocytes 

R 1605 0.1 mg. in 0.2 Killed 4tli No symptoms after' injection. Following day 
cc. day seemed lethargic and had hyperpnea. Re- 

covered on the 2nd day and remained normal 
until killed on the 4th day. Viscera normal. 
Brain showed no edema and no hyperemia. 
Supravital studies of the pia revealed a 
number of meningeal epithelioid cells with 
coarse vacuoles. There were moderate num- 
bers of lymphocytes 

R 1606 0.1 mg. in 0.2 Kilted 10th No symptoms after injection. Animal re- 
cc. day mained well until the 10th day, when it was 

killed. Viscera normal. Brain hyperemic 
but no edema. Supravital studies of the pia 
showed many epithelioid cells, both those 
with coarse and those with fine vacuoles. 
Moderate increase in lymphocytes 

R 1638 1 mg. in 0.2 Killed on No symptoms after injection. Animal re- 

cc. 24th day mained well until tlie 24th day, when it was 

killed. Viscera normal. Brain normal in the 
gross. Supravital studies of the pia showed 
monocytes, epithelioid cells, and many giant 
cells with fine vacuoles. Increase in number 
of lymphocytes 

R 1723 1 mg. in 0.2 Killed on No symptoms after injection. Animal re- 

cc. 24th day mained well until the 24tli day, when killed. 

Brain normal in the gross. Supravital studies 
of the pia showed an increase in the meningeal 
type of epithelioid cells, hlany clasmatocytes 
and moderate numbers of lymphocytes 


R 1606 0.1 mg. in 0.2 Killed 10th 
cc. day 
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REACTIONS TO EXTRACTS EROM TUBERCLE BACILLI 


TABLE III 

Resulls of Inirameningeal Injections of Tubcrcnlo-Phosphatide into Tubercnloiis 

Rabbits 


No. of 
rabbit 

Interval between 
infection with 
tubercle bacilli 
and 1st injection 
of phosphatide 

Amount of 
phosphatide in 
distilled water 

Interval between 
injectionof 
phosphatide 
and autopsy 

Course and autopsy findings 

R 1718 

26 days. 
Skin test 
positive 
16th day 

2 mg. in 0.2 cc. 

1 day 

No symptoms immediately after 
injection and no rise in tem- 
perature. No paralyses or 
signs the evening after the 
injection but died during the 
night. Extensive pulmonary 
tuberculosis. Postmortem 

changes in the brain too 
marked to obtain any studies 
of the brain but no hemor- 
rhages seen 

R 1741 

22 days. 
Skin test 
positive 
18th day 

1 mg. in 0.2 cc. 

2 days. 

Killed at 
a 2nd 
operation 

No symptoms immediately after 
injection but rise in tempera- 
ture to 105.9°F. in 4 hrs. No 
paralyses. Killed 2 days 
later by trauma at a 2nd 
operation. Pulmonary tu- 

berculosis. Moderate hyper- 
emia of brain; no edema or 
old hemorrhages, but fresh 
clot in ventricles. Supravital 
studies of the pia showed 
masses of meningeal epithe- 
lioid cells with coarse vacuoles. 
Few lymphocytes 

R 1743 


2 injections of 1 
mg. each in 
0.2 cc. 

2 days. 

Killed by 
trauma 
of 2nd 
operation 

No symptoms immediately after 
injection but temperature rose 
to 107. 1°F. in 5 hrs. No pa- 
ralyses. At 2nd injection 2 
days later the cerebrospinal 
fluid removed had blood and 
animal showed loss of coordi- 
nation and convulsions and 
died in 1 hour. Pulmonary 
tuberculosis. Brain showed 
hemorrhage in cisterna and 
trauma of the cord. Supra- 
vital studies of the pia showed 
masses of meningeal epithe- 
lioid cells with coarse vacuoles 
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lUEACTIONS TO EXTRACTS EROM TUBERCLE BACILLI 


TABLE III — Condudci 


No. of 
rabbit 

Interval beUyeen 
infection with 
tubercle bacilli 

and 1st injection 

of phosphatide 

Amount of 
phosphatide in 
distilled water 

Interval between 
injectionof 
phosphatide 
and autopsy 

Course and autopsy findings 

R 1739 

22 days. 
Skin test 
positive 
18th day 

2 injections of 1 
mg. each, 2 
days apart 

1 injection of 2 
mg. 16 days 
after 1st in- 
jection, 14 
days after 2nd 

99 days. 
KiUed 

No symptoms immediately after 
injection but subsequent rise 
in temperature. Animal re- 
mained in good condition and 
gained 800 gm. in weight. 
Killed on 99th day after the 
first and the 83rd day after 
the fast injection. Pulmo- 
nary tuberculosis. Brain nor- 
mal in the gross but a thin, 
brown exudate over the 
medulla. Supravital studies 
of the pia over the midbrain 
showed epithelioid cells whose 
vacuoles were much smaller 
than in any of tlie previous 
specimens after the phospha- 
tide. These cells were like 
the typical coarse vacuole 
epithelioid cells of other tis- 
sues. Pia over the brain 
showed a few of the same 
cells 


The striking result of the intrameningeal injection of the tuberculo- 
phosphatide was the production of tlie cells with vacuoles of even 
size stained uniformly with vital neutral red. This response was more 
pronounced than after the introduction of living and heat-killed 
bacilli. These cells remained unchanged at the end of 1 month, but, 
finally at tlie end of 3 months, the vacuoles of the cells had diminished 
in size until they were the size found in the coarse vacuole epithelioid 
cell, and corresponded exactly to the type observed in the terminal 
stages after the introduction of living baciUi. It is interesting to note 
the relatively great length of time after phosphatide that the cells in 
the meninges take to break down the large vacuoles into small ones. 

Studies of the cells of the peripheral blood of these rabbits were made at various 
times during the course of the experiment. In the control group there was no 
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csscntis-l chsiiigc id the percent&ge or totals of the differential count. There was 
no tendency for a rise in monocytes. One normal animal, R 1607, receiving 
phosphatide intrameningeally, had a shower of monocytes for 1 day (22 per cent 
with a total of 3,058), but ivith this exception, the range of monocytes in this animal 
during the period of injections was 29 to 1,090 cells and the average total was 
only 906 monocytes, as compared with 928 before. The red cells remained normal. 
In the tuberculous group the blood changes were characteristic of advancing tuber- 
culosis vath an irregular rise in monocj'tes. 

Precipitin tests (20) on the spinal fluid were negative in aU cases. R 1882, which 
received a total of 12.0 mg. of phosphatide, had no precipitin reaction of the blood 
serum. This test was performed in order to find any evidence of precipitins to 
the phosphatide in the blood serum. 

The Reaction in Normal and Tuberculous Rabbits to Subarachnoid 
Injections of the Tubercido-Protein, MA-100 

A normal rabbit, R 1639, was injected intrathecally with 1.0 mg. of tuberculo- 
protein MA-100. The animal appeared normal after the operation. The tem- 
perature rose from 102. 8°F. before injection to a peak of 106.4°F. in 5 hours. The 
following day the temperature remained around 104.0°F., but on the 2nd day after 
injection it was below the level previous to the operation, 12 days later, the 
animal received a second dose of 1.0 mg. of MA-100. The temperature rose from 
99.8° before injection to a peak of 105.4° in3§ hours, but was normal the following 
day. The rabbit was then given protein every 3rd day. The third injection of 
1.0 mg. gave a rise in temperature from 101.8° to 103.2° in 2 hours without a peak 
and remaining within the limits of normal variation. The fourth injection of the 
same 1.0 mg. dose on the 3rd day following gave only a variation in temperature 
within the normal limits (Chart 1) . Apparently the animal had become refractory 
so that it failed to react to this dose of protein intrameningeally. Following this, 
on the 3rd day, the dose was increased to 2.0 mg. and the temperature reaction 
was similar to that after the original injections. The temperature rose from 101.8° 
before injection to a peak of 103.6° in 5 hours. A final injection of 4.0 mg. was 
given after 3 more days, with a rise in temperature from 102.6° before injection to a 
peak of 106.0 in 6 hours. The following day the temperature was normal (102.3°). 
2 days after this last injection the animal appeared normal and healthy. It was 
killed by the intravenous injection of air. At autopsy the visceral organs were 
normal in the gross and on histological study. There were no hemorrhages in the 
tissues. The brain showed no hyperemia, edema, or hemorrhages. The dura was 
thickened. Supravital studies of the pia revealed a marked clasmatocytic re- 
sponse. The cells contained uneven sized vacuoles which varied from salmon pink 
to deep red. None of the typical coarse vacuole epithelioid cells, found after 
p osphatide, were seen. The predominant cells were lymphocytes and plasma 
cells, m sharp contrast to those seen after phosphatide. 
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REACTIONS TO EXTRACTS PROM TUBERCLE BACILLI 


of 1.0 mg. of protein MA-100 in the subarachnoid space on the 6th 
and one on the 14th day after the phosphatide; tlie other received one 
injection of the same dose on the 14th day. There was a typical rise 
in temperature after each injection of the protein but othervase both 
rabbits appeared normal. They were killed on the 2nd day after 
the last injection of protein. At autopsy the visceral organs were 
normal. Both of the brains appeared slightly hyperemic. No edema 
or hemorrhages were present. Fresh preparations of the pia on 
supravital study contained no monocytes or fine vacuole epithelioid 
cells. There was a predominance of lymphocytes, plasma cells, and 
cells with large vacuoles of equal size and taking a uniform stain with 
neutral red. This picture seemed to be a combination of that found 
after intrameningeal injection of phosphatide and protein. 

The Reaction to Tuber cnlo-Polysaccharide Introduced into the Sub- 
arachnoid Space of Normal Rabbits 

Two normal rabbits were given tuberculo-polysaccharide into the 
subarachnoid space. This material was prepared by the H. K. 
Mulford Company from the media in which the organisms had been 
grown. One animal received 5.0 mg. in 0.2 cc. of freshly distilled 
water. The animal showed a rise in temperature similar to tliat 
occurring after protein. The temperature rose from 101.3° previous 
to injection to a peak of 105.6° in 6 hours. The rabbit was killed 
22 days later, when in excellent condition. At autopsy, the findings 
were normal throughout. 

The other rabbit received 2 doses of 5.0 mg. in 0.2 Cc. of distilled 
water 1 month apart and the characteristic temperature response was 
elicited after each injection. It remained in excellent condition and 
was killed 3 months after the first injection. At autopsy tlie tissues 
were normal throughout. 

The polysaccharide contains a small content of nitrogen to whidi 
the rise in temperature may be due (21). 

DISCUSSION AND CONCLUSIONS 

From the above description one can trace the histological changes 
that occur in the animal during experimental tuberculous and tubercu- 
lar meningitis. 
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The introduction of 500,000 living tubercle bacilli into the sub- 
arachnoid space of rabbits produces tuberculous meningitis. The 
disease is characterized by an incubation period of about 15 days, 
during which time the animal appears normal. After this period the 
course is progressive from weakness in the hind quarters to paralysis 
and death. This confirms the findings of previous investigators. 

The predominant ceU in the fresh preparations of the pia is one with 
large vacuoles of equal size which take a uniform stain with neutral 
red. It is significant that this t 3 q)e of cell appearing after injection of 
living or dead bacilli is the same as that seen after the injection of 
tuberculo-phosphatide. It is clearly a cell which has engorged itself 
with a great amount of one type of material, and the vacuoles appear 
to contain a lipoid since some of the cells show myelin-like figures, 
which is characteristic of the phosphatide (20, 21), That it is a 
phenomenon of phagocytosis and not of ceUular degeneration is shown 
by the fact that the cells are alive and active; and that the vacuoles 
slowly lessen in size, while at the same time their number increases, 
until the cell corresponds to the epithelioid ceU with coarse vacuoles. 
In our opinion it is a yotmg connective tissue ceU, possibly less differ- 
entiated than the monocyte, which has been stimulated to marked 
phagocytosis of a lipoid. The evidence that monocytes and younger 
coimective tissue cells phagocytize the tuberculo-phosphatide is more 
convincing in the reactions of the omentum. Here it can be seen that 
the ceUs of the mUk spots phagocytize the phosphatide while the 
dasmatocytes of the interspaces remain relatively inactive (11). 
The vacuoles of the ceU now under discussion are larger than those of 
the ceU described by Sabin (20, 24) and Smithbum and Sabin (21) as 
the coarse vacuolated, epitheUoid cell, the second stage in develop- 
ment of this type in the reaction to phosphatide, but they are smaller 
and more even in size than the first stage of the epithelioid ceU as 
formed in the omentiun and subcutaneous tissues. This ceU, which 
is the t 3 q)e of the early stage of the development of the epithelioid cell, 
as found in the meninges, is so constant a stage in the reaction to 
tubercle bacilli and tuberculo-phosphatide in this area, that we have 
designated it the meningeal first stage of the epithelioid ceU. It may 
be that further study wiU prove this cell to be of suiffident specificity 
to be diagnostic of tuberculous meningitis. 
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Lymphocytes and plasma cells increase in number after the 3rd 
day and soon become the most numerous cells in the meninges follow- 
ing the inoculation with living tubercle bacilli in the subarachnoid 
space. This same cellular picture is obtained after the intrathecal 
injection of the tuberculo-protein MA-100. The results correspond 
with those of Miller (25) obtained by the intraperitoneal introduction 
of the tuberculo-protein in rabbits. 

The theory of Webb and Williams (26, 27) and of Murphy and 
Sturm (28) and Murphy (29) that a high percentage of lymphocytes 
in the blood is correlated with increased resistance of the animal has 
been confirmed by the more recent work in experimental tuberculosis 
(30, 31). But an increase of lymphocytes in the meninges is not 
accompanied by increased local resistance. 

There has been much speculation as to the route a meningeal 
infection takes in spreading into the brain substance. The present 
experiments do not suffice for a decision on the point but the micro- 
scopic sections reveal a progressive lymphocytic infiltration of the 
meninges. This occurs first at the upper end of the cord near the site 
of inoculation, gradually extends over the midbrain and finally in- 
volves all the meningeal surfaces, invading and filling the sulci. 
On the 15th day there is beginning tubercle formation in these areas. 
At this time the vessels near the surface of the brain show perivascular 
lymphocytic infiltration. By the 19th day the tuberculous process in 
the meninges is pronounced, the perivascular infiltrations are increased, 
and in some areas there is lymphocytic infiltration in the brain sub- 
stance. In the last stages there is extensive tuberculosis of the 
meninges, some of the tubercles having caseous centers. The process 
involves not only the meninges and sulci, but the perivascular spaces, 
and areas in the brain near them are extensively involved with tuber- 
culous tissue. 

Heat-killed organisms are not innocuous in the meninges. They 
produce lesions similar to those obtained with living organisms, but 
with a greatly delayed period of reaction, over 2 months. It should 
be said that the inoculations of heat-killed organisms were all made 
from the same suspension. It might be tliought that a few organisms 
may have remained alive and propagated during this long period, 
until there were a sufficient number to produce the disease. Against 
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this is the fact that the suspension was tested for viability by inocula- 
tion into rabbits. However, the experiment is being repeated, using 
series inoculated both vntb beat-killed baciUi obtained from Dr. S. A. 
Petrog and with a new suspension of bovine heat-killed organisms. 
These experiments are not completed at the present time but the £rst 
animals of both series show the same cellular response — ^£rst stage of 
the meningeal epithelioid cell — as in the experiments described in this 
paper. 

Digerent cell strains in the meninges apparently react to specihc 
chemical fractions of the baciUi. The tuberculo-phosphatide stimu- 
lates the monocytic strain of cells in the meninges, causing a rela- 
tively undigerentiated monocytic cell to phagocytize this material. 
This cell has been described above and termed the meningeal epi- 
thelioid cell. This characteristic type of cell is produced by the living 
bacilli and heat-killed baciUi as well as by the tuberculo-phospha- 
tide. The protein of the bacUli causes a rise in temperature and a 
proliferation of lymphocytes and plasma cells. The temperature 
reaction is more pronounced in tuberculous rabbits than in normal 
rabbits after the injection of the tuberculo-protein MA-100, though 
the digerence is quantitative and of a small degree. It is possible that 
this may be an allergic phenomenon. The recent work of Sommerfeld 
and Zishind (32), who found little digerence between the reaction in 
tuberculous and normal guinea pigs after the intrathecal injection of 
varying dUutions of tuberculin, bears out this point. Numerous 
investigators have referred to the importance of the role of allergy in 
tuberculous meningitis. Rich (33), states that acute tuberculous 
meningitis represents a model example of the allergic inBammatory- 
necrotizing reaction. That allergy is present in the meninges as in 
the other tissues of sensitive animals, is probably true. One wonders, 
however, if it is the most sensitive tissue to the allergic phenomenon, 
for if this were true one would expect after the intrathecal injec- 
tion of tuberculo-protein MA-100 in a sensitive animal, a very 
intense indammatory necrotic response. This did not develop in 
these experiments. The predominant cells in the cerebrospinal Buid 
and meninges after tuberculo-protein MA-100 were lymphocytes and 
plasma cells. A few clasmatocytes and an occasional polymorpho- 
nuclear leucocyte were seen in the fresh preparations. None of the 
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epithelioid cells with coarse vacuoles such as are seen after the intro- 
duction of the phosphatide and bovine tubercle bacilli were observed 
after the intrameningeal injection of the protein in normal animals. 
The histological sections showed only a slight quantitative difference 
between the cellular response in sensitive and non-sensitive animals. 
Nowhere was there found a fulminating necrotic reaction such as one 
would expect if the meninges were extremely hypersensitive. Botli 
normal and tuberculous rabbits may fail to give a temperature re- 
sponse to a given dose of tuberculo-protein MA-100 after repeated 
intrameningeal doses of the same size. However, an increase in the 
size of the dose in these animals elicits a temperature response similar 
to that of the first injection. The present experiments suggest that 
the number of injected organisms play a greater role in tuberculous 
meningitis, than the phenomena of sensitization. 

There seems to be a definite period elapsing between tire time of 
infection and the onset of symptoms. It is to be supposed that this 
period varies with the interplay of a number of factors which are 
common to all tuberculous infections; namely, the number and 
virulence of the infecting organisms, the natural or acquired immunity 
of the animal, and the degree of allergy present. The work of Soper 
and Dworski (6, 7) shows definitely that the number of infecting 
organisms plays a very important role in the length of this period. 

In these experiments the injection of the various extracts from the 
tubercle bacilli gave characteristic cellular reactions. The dosage of 
these extracts was small but in every case it was many times larger 
than the amount of extract present in the living baciUi introduced to 
produce the disease. No toxic effects followed the injection of these 
fractions wliich would account for the fatal outcome of tuberculous 
meningitis. 


SUMMARY 

1. Both living and dead tubercle bacilli, as well as tuberculo- 
phosphatide, give rise to lesions in which the same type of cell is 
found, a cell which may prove characteristic of the meningeal reaction. 
After the phosphatide this cell is produced by the phagocytosis of 
lipoidal material. The vacuoles of these cells are slowly broken into 
smaller and smaller size until they correspond to the type found in 
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EXPLANATION OF PLATE 1 

Fig. 1. Film of pia of Rabbit R 1782, 1 month after an intraraeningeal injection 
of heat-killed organisms, photographed while the cells were living. Stained in 
vital neutral red and Janus green dye. It shows the meningeal tj'pe of cell with 
vacuoles of even size stained uniformly with neutral red. The reason that the 
vacuoles do not appear to be of even size and uniform stain is that they were all 
not in the same focus. X 1,200. 

Fig. 2. Scraping from over the pons of Rabbit R 2020, 6 days after it had re- 
ceived a half-million living bovine organisms intrameningeally, photographed while 
the cells were living. Stained in vital neutral red and Janus green dye. It shows 
monocytes, stimulated monocytes, and epithelioid cells. X 1,000. 

Fig. 3. Film of living cells in the cerebrospinal fluid taken from the fourth 
ventricle of R 1783 after injection of heat-killed tubercle bacilli. It shows stimu- 
lated monocytes and epithelioid cells. Stained with vital neutral red and Janus 
green dye. X 1,000. 

Fig. 4. Scraping from over the pons of Rabbit R 1739, 3 months after the intra- 
meningeal injection of 2.0 mg. of bovine phosphatide. It shows the monocytic 
cells which have phagocy tized the phosphatide, until they appear as coarse vacuole 
epithelioid cells. Living cells stained with vital neutral red and Janus green dye. 
X 1,000. 
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No previous work on the toxicity of increased oxygen tensions in the 
respired air has been conducted under conditions in which all other 
factors were constantly and perfectly controlled, and most of the 
investigations upon this subject have been based upon data obtained 
from observing a limited number of animals. The possession of a 
large chamber, susceptible to accurate and steady adjustment, has 
made it possible to carry out decisive experiments on large groups of 
animals. The first project to which this new apparatus has been 
devoted consisted of observations on the life history of a standard 
laboratory animal living for prolonged periods in an environment nor- 
mal in all respects except for the increase in the oxygen tension of the 
air. It was our intention to determine whether or not any acclima- 
tization could be produced against the toxic action upon the lungs of 
high oxygen tensions and, if so, what changes in the animal were re- 
sponsible for this adaptation. The data we have aconnulated deal 
with a single species, the standard albino rat, bred from Wistar In- 
stitute stock, exposed to compressed air having an oxygen tension 
of 635 mm. of mercury equivalent to 83.6 per cent oxygen at nor- 
mal barometric pressure. 

EXPERIMENTAL 

A. The High Pressure Chamber. — detailed description of the construction, 
operation, and experimental capabilities of the apparatus used in this research 
has been published by Thomson (1). The pressure chamber consists of a | inch 
thick steel cj’linder, 31 feet long and 8 feet in diameter. It is divided into three 

Publication No. 2, from the Miriam Smith Rand Fund. 
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compartments, each of which may be used independently of the others. The 
center compartment is the smallest and is known as the lock. By means of it one 
may enter and leave the high pressure end compartments in which the animals are 
kept, without altering the conditions of their environment. Two electrically 
driven air compressors located in an adjoining room supply air at the desired pres- 
sure and volume flow to the pressure chambers. After leaving tlie compressors 
the air passes through an automatically controlled air-conditioning apparatus 
where it is scrubbed and brought to predetermined dry and wet bulb temperature 
readings. Continuous written records of the air pressure and dry and wet bulb 
temperatures were obtained automaticalh' during the entire experiment. 

B. Conditions of the Experiment. 1. Barometric Pressure. — ^Increased oxygen 
tension and increased barometric pressure were the two possible abnormal factors 
in these experiments. Man}^ authors (2, 3,' 4-9) have presented concise evidence 
that the increased oxj^gen tension, and not the barometric pressure, was responsi- 
ble for the symptoms of poisoning found under such conditions. The results of 
our experiments have confirmed these earlier observations, and therefore it may 
be assumed that the only factor varying from the normal in our experiments was 
the oxygen tension. The barometric pressure in the experimental chamber was 
maintained at 3040 mm. Hg for 30 daj's in the first experiment. In the second, this 
same pressure was held for 72 days except for approximately 1 hour each day, 
when it was reduced to 2280 mm. Hg while observers entered the animal chamber. 
This was done in order to lessen the time necessary for the decompression of atten- 
dants from 82 minutes to 32 minutes. The results of each experiment were 
identical, showng that this transient variation had no effect upon the animals. 
The oxygen tension, therefore, was approximately 635 mm. Hg or 83.6 per cent 
of an atmosphere, except for the temporary daily drop to 60 per cent during the 
second experiment. 

2. Temperature. — The dry bulb temperature was kept at 28°C. plus or minus 
1°C. This was found to be the temperature at which the animals were most 
active and apparently most contented. Benedict and MacLeod (10) have showed 
this to be the critical temperature for the albino rat, as the metabolism becomes 
basal at this reading. 

3. Humidity. — The relative humidity ranged from 49 to 50 per cent during all 
the experiments. 

4. Volume Flow. — Conditioned outdoor air was circulated tlirough the animal 
chamber at the rate of 2660 liters per minute. The composition of the air was 
found to be practically identical to that of outdoor air on numerous gas analyses. 
This rate of ventilation was also sufficient to keep the odors of animal excretions 
from accumulating in the chamber. 

5. Duration of Exposure. — The first group of animals was exposed continuously 
for 30 days. A second group was exposed for 72 days, and then after an interval 
of 40 dai^s at normal pressure was reexposed for 10 more days. 


^Bert (3), pp. 611-612. 
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A liberal amount of wood wool was supplied to absorb the moisture and provide 
nesting material. Especial care was taken in the handling of the animals. They 
were fondled daily and were absolutely gentle during all observations. Rats are 
exceptionally responsive to this kind of treatment, and their behavior served as 
an important index of the general well-being. If in good health all animals clung 
to the front of the cages when observers entered the chamber. They displayed 
intense interest in the feeding procedures and daily weighings. When ill all such 
interest disappeared, and the animals became markedly apathetic, failing to re- 
spond even when the cages were opened. 

P. Accumulation of Data . — ^Weighings were made under pressure on a direct- 
reading, Toledo, springless balance. Two light aluminum boxes were constructed 
to hold about ten rats, so that all in one cage could be weighed at once, thus elimi- 
nating individual weighings. A small number of animals were weighed indmdu- 
ally. Daily notes were made regarding the condition of the rats, and any dead or 
obviously d 3 dng animals were removed for autopsy. The details of the patliologi- 
cal findings are reported in a second publication (11). 

In order to avoid caisson disease the stage decompression table compiled by 
Boycott, Damant, and Haldane (12) for the British Admiralty was followed. 
Neither observers nor animals showed the slightest evidence of nitrogen bubble 
formation. 

The Effect of the First Exposure to Increased Oxygen Tension 

A. Acute Oxygen Poisoning. — Many authors (2, 4, 5, 7, 8, 11, 13, 
14-18) have showed that the damage from acute poisoning by oxygen 
in concentrations such as we have provided is centered in the lungs. 
Active hyperemia and pulmonary edema dominate the picture. The 
significant fact brought out by our observations is the comparative 
immunity of young rats to an oxygen concentration which invariably 
causes serious illness or death in adults. By young rats we refer to 
animals from birth to 3 montlis of age. After the 3rd month rats 
still display a degree of the resistance to Ifigh oxygen concentrations 
which is characteristic of early life, but this quality diminishes steadily 
and by the 6th month is gone. Faulkner and Binger (19) found that 
young turtles were less susceptible to oxygen poisoning than were 
adults, but the differences reported were not so definite as we have 
found in rats. 

1. Old Rats {over 3 Months of Age). — The animals lived in the 
experimental chamber under normal atmospheric conditions for 5 
days prior to compression. They were in excellent condition during 
this period, and their weight curves showed a normal upward trend 

/ / O P / 
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Text-Fig. 1. The relationship of age to the development of acute oxygen 
poisoning, showing the increased susceptibility of rats with advancing age. 
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GROWTH CURVES OF RATS LIVING IN 80% OXYGEN 



DAY OF EXPERIMENT 


Text-Fig. 2. The relationship of se.x to the development of acute ox 3 ’gen 
jwisoning, showing that both se.xes react in essentialh’ the same manner. 
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GROWTH CURVE OF RATS LIVING IN 80% OXYGEN 



DAY OF EXPERIMENT 


Text-Fig. 3. The relation of growth curves to food consumption, showing a 
decrease in appetite. 
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older rats. There was less loss in weight and a much lower mortality 
rate (Text-fig. 1, Curve 3; Table I, Group 4, 4th day of exposure). 

The difference in the effect of 83.6 per cent oxygen on old and yoimg 
animals can be correlated with a difference in lung structure (11). 
This difference is essentially a far greater cellularity of the alveolar 
walls in young rats. 

B. Prolonged Exposure . — During the 2nd week all rats continued 
in good condition, although the weight of the older ones remained at 
the low level established on the 4th day of exposure (Text-fig. 1, 
Curves 2, 3, and 4). The yoxmg rats were gaining in weight (Text- 
fig. 1, Curve 1). The food consmnption continued to be about half 
the amoimt prior to exposure (Text-fig. 3, Curve 2). 

Sporadic cases of illness appeared early in the 3rd week in old rats. The animals 
affected had a poor appetite, lost weight rapidly, became dyspneic, apathetic, 
inactive, weak, and eventually died of a bronchopneumonia. The incidence of 
this disease was practically the same as that of the sporadic respiratory infection 
foimd in supposedly normal rats, although in the latter it did not progress further 
than lobar atelectasis and pirrulent bronchitis (11). Cases of chronic broncho- 
pneumonia were foxmd during the remainder of exposure in roughly 22 per cent of 
the rats. Eleven died at various times without showing any evidence of broncho- 
pneiunonia; in all these there was considerable fibrosis in the lungs apparently 
referable to the acute experience suffered on the 3rd and 4th days. The fina l 
cause of death in these animals cannot be given. 

With the exception of the animals dying as has been described, the 
rats remained in good health after the 1st week, but they were not 
entirely normal. Food consumption and weight were low, indicating 
that although nothing seriously wrong could be detected on daily in- 
spection, some definite influence was operating steadily to keep them 
in a slightly subnormal state. Such animals, when killed and exam- 
ined microscopically, always showed changes in the lungs — ^most 
characteristically an increased cellularity, so that the lungs resembled 
those of young animals (11). 

On the 72nd day the exposure was discontinued. During decom- 
pression or within 24 hours afterwards, thirteen, or 28 per cent, of 
the rats surviving the 72 days exposure died (Table I). All showed 
marked degrees of lung damage, and in the majority it was due to 
bronchopneumonia. No paralyses were observed, and none of the 
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deaths could be attributed to caisson disease. The animals that 
lived through decompression were in good health and showed no 
bronchopneumonia at subsequent autopsies (11). 

A temporary loss in weight followed removal to normal air. During 
the next few weeks a great increase in growth occurred, being most 
rapid the first few days after the conclusion of exposure (Text-figs. 
1 to 3) . The gain in weight averaged 40 to 50 gm. 

Adaptation — Reaction during Second Exposure to Increased Oxygen 

Tension 

All rats surviving the 72 day period in 83.6 per cent oxygen were 
kept in normal air for 40 days. They were then reexposed for 10 
days to the previous conditions of high oxygen concentration. No 
acute change in health occurred during this time, although a slow loss 
in weight was seen. There were no signs of acute oxygen poisoning 
either clinically or pathologically (11). Five control rats, for which 
this was the first exposure, developed t}q)ical signs of oxygen poison- 
ing beginning on the 3rd day. Unquestionabl}’-, during the first 
exposure the animals had become resistant to the toxic effect of this 
environment. Nine litters were born during the first exposure and 
all died. One litter was born in the second period of exposure, and 
six out of the eight young survived and developed normally. This 
was further evidence that some permanent adaptation had been pro- 
duced. On removal to normal air all rats remained in excellent health, 
contrary to the outcome at the end of the first exposure when there was 
a mortality of 28 per cent. At the present writing, 214 days after the 
conclusion of this experiment, the survivors are in excellent condition. 

Mortality Statistics 

The mortality rates for males and females of different age groups 
have been compiled in Table I. Since a large number of rats were 
killed at different times during exposure, it was impossible to obtain 
accurate data regarding the mortality for the entire period. Never- 
theless, an approximation has been reached by dividing the total 
number of deaths during exposure and decompression by the sum of 
the number of rats surviving the experiment plus the number dydng 
during the experiment. 



SMITH, HEIM, THOMSON, AND DRINKER 


73 


Table I shows that all deaths from acute oxygen poisoning occurred 
on the 4th day in 80 per cent oxygen. There were no deaths in rats 


TABLE I 


Mortality Statistics for Different Age Groups anA Sexes after Varying Periods of 
Exposure to S3. 6 Per Cent Oxygen Tension 


Day of exposure 

1st 



2nd 


3rd 

4th 

Age group 

1 

3 

4 

5-6 

Total 

1 

3 

H 


Total 

1 

3 

4 

5-6 

Total 


3 

4 

5-6 

Total 

No. of lats 

M 

12 

1 

26 

19 

58 

12 

1 


19 

57 

12 

1 

24 

18 

55 

12 

1 

23 

17 

53 

exposed 

F 

32 

4 

26 

IS 

77 

32 

4 

25 

15 

76 

32 

4 

24 

15 

75 

32 

4 

23 

15 

74 


MF 

44 

5 

52 

34 

135 

44 

5 

50 

34 

133 

44 

5 

48 

33 


44 

5 

46 

32 

127 

No. of rats 

M 

P 

0 

0 

0 

0 


0 


0 


0 

0 

0 

0 

m 

0 

0 

1 

3 

4 

dying 

F 


□ 


0 



0 


0 


0 

0 

0 

0 

0 


0 

1 

1 

2 


MF 

G 

0 


0 

E 

0 

0 


0 

m 

1 

0 


0 

0 

0 

0 

2 

4 

6 

Per cent mor- 

M 

1 

i 

0 

0 


I 

0 

0 

0 

H 

1 

0 


0 

■ 

0 

0 

4 

18 

7 

tality 

F 

0 

0 

m 

0 

B 

i 

0 

0 

0 

H 

G 

0 

0 

0 

0 

E 

0 

4 

7 

3 


MF 

0 

0 


0 

■ 

0 

0 

i 

0 

1 


0 

i 

0 

0 

0 

0 

4 

13 

5 


Day of exposure 

5tli 

During decompression 

During all experiment 

Age group 

i 

H 

D 

S 


B 

B 

B 

B 

Total 

1 

3 

4 

5-6 

ToUl 

No. of rats 

M 

12 

1 

21 

14 

48 

3 

1 

7 

4 

15 

4 

1 

9 

7 

21 

exposed 

F 

31 

4 

21 

14 

70 

7 

2 

12 

10 

31 

10 

2 

15 

12 

39 


MF 

43 

5 

42 

28 

118 

10 

3 

19 

14 

46 

14 

3 

21 

19 

57 

No. of rats 

M 

0 

0 

0 

0 

0 

1 

1 

3 

2 

7 

2 



5 

14 

dying 

F 

0 

D 

0 

0 

0 

2 

0 

2 

2 

6 

5 



4 

14 


MF 

0 

0 

0 

0 

0 

3 

1 

5 

4 

13 

7 

1 

11 

9 

28 

Per cent mor- 

M 

0 

0 

0 

0 

0 

33 


43 

50 

47 

50 


67 

71 

67 

tality 

F 

0 

0 

0 

0 

0 

29 

0 

17 

20 

19 

50 

0 

33 

33 

36 


MF 

0 

0 

0 

0 

0 

IS 

33 

26 

29 

28 

50 

33 

52 

47 

50 


M, male, F, female. MF, male and female. Age group, approximate age in 
months. 


less than 120 days old, while in older ones the number of deaths was 
proportional to the advance in age. There was no significant differ- 
ence in the mortality rate for males and females. 
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Effect of Pregnancy 

Six pregnant rats in the late stage of gestation were exposed with 
the others at the beginning of the experiment. Three of these were 9 
months of age, and all died of acute oxygen poisoning, one as early as 
the 2nd day. The other three pregnant rats were 130 days old, and 
two of them died. The third survived and gave birth to a normal 


TABLE II 

Mortality Rate and Average Weight of Litters Born during and after Exposure of 
Mothers to 83.6 Per Cent Oxygen Tension 


No. of litters 

Total No. of 
rats in litters 

_No. dying 
within 24 hrs. 
after birth 

No.^ 

surviving 

Mortality 

Total weight 
of litters 

Average 
weight per 
rat 

Litters born in tank during first exposure of mothers 





per cent 

£OT. 

gm. 

3 

16 

All 

0 

100 

— 

— 

1 

S 

All 

0 

100 

14.7 

3.34 

1 

8 

All 

0 

100 

25.6 

3.20 

1 

9 

All 

0 

100 

32.4 

3.60 

6 

1 

38 

All 

0 

100 

72.7 

3.30 

Litters born within 24 hrs. after decompression of mothers 

1 

2 

■■ 

All 

0 

100 

— 

— 

1 


All 

0 

100 

29.9 

3.70 

3 

20 

AU 

0 

100 

29.9 

3.70 

Litters born 6 to 39 days after decompression of mothers 

4 

31 

1 

2 1 

29 

6.5 

— 



Litters born in tank during second exposure of mothers 


1 

8 

2 

6 

25 

— 

— 


litter after she was removed from the high oxygen. Apparently rats 
advanced in pregnancy cannot survive acute oxygen poisoning as well 
as non-pregnant animals of the same age. The encroachment upon 
the thoracic cavity by the enlarging fetuses is probably the cause of 
this increased susceptibility. 

Rats entering 80 per cent oxygen in the early stages of pregnancy. 
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as well as those becoming pregnant during exposure, were as resistant 
to acute oxygen poisoning as non-pregnant animals. The litters, 
however, were never carried to term under these conditions. Table 
II shows the average weights of litters bom during the experiment. 
Each survived for a few hours, but according to the birth weight given 
for normal rats by the Wistar Institute these litters were almost 50 
per cent underweight. Nine litters were born during the first exposure 
of the mothers, and all died within 24 hours after birth. 

During the second exposure an acclimatized female gave birth to 
a litter on the 4th day, and six of the eight young survived. The 
mother remained in excellent health. This is a striking example of 
the difference in reaction of adapted animals, because during first 
exposure all the litters, and almost 100 per cent of the mothers ad- 
vanced in pregnancy died. Furthermore, this litter was born on the 
4th day of exposure when the symptoms of acute oxygen poisoning are 
most intense in non-adapted rats (Table II). 

The fertility of rats was not altered by prolonged exposure. Females 
living with males throughout the exposure had frequent litters. 

DISCUSSION 

Previous investigators have failed to demonstrate any acclima- 
tization or adaptation of animals to toxic oxygen tensions (16, 20). 
Although there may be several reasons for this, the most important 
is probably the fact that definite damage to the animal was not pro- 
duced during the first exposure, so that there was no stimulation to 
the Itmgs or other defensive mechanisms of the body. Barach (20) 
kept rabbits in 60 per cent oxygen for a prolonged period in an at- 
tempt to produce acclimatization and then raised the oxygen tension 
to toxic heights, but oxygen poisoning developed in a typical manner. 
The exact border-line of toxic oxygen tensions has not been established, 
although the available evidence (2, 3,’ 4, 13, 20) suggests that it lies 
around 70 per cent of an atmosphere. Species variation to this 
toxicity may be expected, so that it can be assumed that 80 per cent 
oxygen is just at the border-line of dangerous toxicity for the albino 
rat. Whereas higher tensions might prove fatal during the acute 


’ Bert (3), pp. 611 and 844. 
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stage of oxygen poisoning, most rats are able to combat successfully 
the acute pulmonary edema produced by 80 per cent oxygen with 
eventual complete removal of exudate. The lung damage or stimula- 
tion leads to distinct changes in morphologj'- (11) which persist for 
at least 53 days after returning to normal air. 

The significance of these alterations in the adaptation occurring 
in old rats and the difference in the reaction of young rats to acute 
oxygen poisoning is the subject of a second paper (1 1) to wliich we have 
frequently referred. 

The gradual loss in weight, even though all signs of acute oxygen 
poisoning have disappeared, is conclusive evidence that the normal 
physiological processes are constantly altered during exposure. No 
satisfactory pathological changes were found in the first 30 days of 
exposure to account for this weight loss in animals remaining other- 
wise normal. After the 1st month of exposure the presence of chronic 
vascular lesions in the lungs (11) was confirmatory evidence of the 
toxicity of this environment, although no clinical changes in health 
could be detected. The effects produced by prolonged exposure to 
toxic oxygen tensions should be termed “chronic oxygen poisoning” 
in contradistinction to the pulmonary edema associated with acute 
oxygen poisoning. On removal to normal air the rapidity of growth 
indicated that the inhibitory effect of the previous environment quickly 
disappeared. The loss of weight during a second exposure in the 
absence of any clinical or pathological changes was again evidence of 
this alteration in the normal physiological processes. A certain 
number of determinations of basal metabolism were made upon 
animals under continuous exposure to high ox3''gen. While the sub- 
ject should be explored further, it is safe to say that the metabolism 
was not increased, so the loss of weight may consequently be ascribed 
to loss of appetite, the final reason for which cannot be given. 

The steady though subnormal gain in weight in j’-oung rats is prob- 
ably in part due to greater resistance to oxygen poisoning and in part 
to a greater stimulus for growth in these than in adults, so that 
growth progresses in spite of the adverse environment. 

SUMMARY AND CONCLUSIONS 

1. 244 albino rats from standard Wistar Institute stock have been 
kept for periods up to 72 daj’-s under the following conditions. 
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(a) Barometric pressure : 3040 mm. Hg. This means a partial pres- 
sure of oxygen of 635 mm. Hg and is equivalent to an 83.6 per cent 
oxygen mixture at normal barometric pressure. 

(b) Temperature; 28°C. 

(c) Humidity; 50 per cent relative. 

(d) Rate of ventilation ; 2660 liters per minute for aU animals. 

(e) Food and daily care were provided which induced normal 
growth in rats in the usual laboratory quarters. 

2. The harmful factor in this environment was the increased oxygen 
tension. In our experiments the acute effects were active hyperemia 
and edema of the lungs, just as have been described by many in- 
vestigators. 

3. Only a small percentage of rats die from acute oxygen poisoning 
at the pressure employed. The majority return to good health ob- 
jectively and survive several months of exposure. 

4. Rats under 1 month of age display no clinical signs of acute 
oxygen poisoning, while in older animals the severity of the reaction 
and the mortality is directly proportional to the advance in age. 

5. The symptoms of acute oxygen poisoning appear on the 3rd day 
of exposure in adults and reach maximum intensity during the 4th 
day, all deaths occurring at this time. 

6. A continued weight loss is foimd in old rats, while the young 
gain weight, but not -with normal vigor. 

7. Adaptation to this toxic oxygen tension occurs in the albino rat 
during the first exposure, so that on reexposure acute oxygen poisoning 
does not develop. 

8. Respiratory infection occurred sporadically in roughly 20 per 
cent of the normal adult rats in our laboratory colony. About the 
same incidence was found in the experimental rats during exposure; 
in most of these, chronic bronchiectasis and bronchopneumonia fol- 
lowed and proved fatal, indicating a lowered resistance in exposed 
animals. 

9. Most rats exposed to an 80 per cent oxygen tension late in preg- 
nancy have premature litters and die of acute oxygen poisoning, but 
if exposed early in pregnancy the majority survive. 

10. Litters bom during the first exposure of the mother are approx- 
imately 50 per cent undenveight and die during the first 24 hours 
after birth. 
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11. A female, rendered resistant by a first exposure, produced a 
healthy litter during second exposure. 

12. The continuous failure of adults to gain in weight and the fact 
that young animals grow slowly, together with the slowly progressing 
pulmonary pathology (11), indicate that high oxygen tensions not 
only produce acute changes in the lungs but also some alteration in 
the normal physiological processes, which may be termed “chronic 
oxygen poisoning.” 
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Previous papers (1, 2) have described the apparatus and technique 
used by the authors in prolonged experiments upon the effects of high 
oxygen tensions on rats. The structural changes produced in the 
limgs of animals living in an environment having a high oxygen ten- 
sion, particularly those accompanying long exposure, have never been 
thoroughly observed, nor has the effect of age received any appre- 
ciable comment. Our observations have shown that rats under 1 
month of age do not give clinical evidence of suffering the acute pul- 
monary effects of 83.6 per cent oxygen; that these effects appear with 
advancing age; that older animals surviving acute oxygen poisoning 
are inumme on second exposure. In this paper we describe structural 
differences in the limgs of young and old rats; differences in the effects 
of 80 per cent oxygen on animals of various ages; and finally the struc- 
tural changes found in the lungs of rats which have become resistant 
to the acute effects of toxic concentrations of oxygen. 

Autopsies and Pathological Technique 

244 albino rats were observed during this study. 137 autopsies were performed, 
21 of which were upon normal animals to serve as controls. All dead and djung 
animals were removed for autopsy as soon as possible. In addition to these, live 
animals were removed every day during the first 8 days of exposure, and at weekly 
or biweekly intervals after that. Live rats were killed with an intraperitoneal 
injection of 0,5 to 1 .0 cc. of 1 per cent potassium cj'anide. The lungs were removed 
and fixed in Zenker’s fluid for 24 hours. Hematox^'lin and eosin stain was used 
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routinety. In addition to this, Mallory’s aniline blue stain for connective tissue, 
Mallory’s phosphotungstic acid hematox 3 din stain, and Foot’s reticulum stain 
were made on the lungs of representative animals after varjdng periods of exposure. 

Histology of the Normal Rat Lung 

Grossly the lungs of old and young rats are a diffuse, uniform pink 
color, and no distinction exists other than the difference in size. Mi- 
croscopically a striking difference in the cellularity of the alveolar walls 
is found. 

From birth to roughly 4 months of age the alveolar walls are much more cellular 
and thicker than in adult animals. The individual alveolar cells in young animals 
are larger and more distinct than in adults, and the nuclei are more vesicular. 
This cannot be explained on the basis of incomplete expansion of the lungs, because 
the alveolar walls in areas having equivalent distention in young and old stUl 
show this prominent difference in cellularity (Figs. 1 to 4). 

During the 5th and 6th months of life the size and number of the alveolar lining 
cells gradually diminish. After 6 months of age the microscopic appearance is 
constant. The alveolar walls are thin and contain relatively few lining cells, the 
nuclei of which stain more intensety than in young rats. The difference between 
the lungs of rats under 100 days of age and those in the 6th or 7th month of life 
is so distinct that one can invariably distinguish j^oung from old by studj' of lung 
sections (Figs. 1 to 4). 

Pathology of Acute Oxygen Poisoning at Differejit Ages 

A. Adult Rats {over 5 Months Old). — The pathological changes in 
acute oxygen poisoning are essentially those of an intense pulmonary 
edema, as first described by Lorrain Smith (3, 4) and confirmed by 
numerous authors, with right-sided dilatation of the heart as described 
by Karsner (5). The other organs of the body are normal except for 
congestion of the viscera and a slight amount of tubular damage in 
the kidnej’^s. This injury was manifested by areas of degeneration 
and the presence of occasional mitotic figures in the tubular epithelium. 

Gross Pathology . — The first evidence of the toxicity of 80 per cent oxj^gen ten- 
sions for rats appears during the 3rd day of exposure and becomes most intense 
on the 4th da 3 ^ A description of the clinical pictme has been given in a previous 
paper (2). The normal, uniform pink coloration of the lungs is replaced bj' a 
diffuse mottling with dark beety red, and purple patches due to the intense con- 
gestion. Occasionally small white spots of peripheral emphj'^sema are found. 
The lungs are greatty distended with edema and occupj’ almost the entire thoracic 
cavity. Wien the latter is opened, thej'- fail to collapse. There is a pleural 
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effusion of several cubic centimeters of clear, pale yellow, serous fluid which clots 
on standing. The quantity averages about 5 cc. on the 3rd day, but on the 4th 
day it is increased to approximately 10 cc. This effusion in itself is probably one 
of the greatest causative factors for the respiratory embarrassment observed. 

Microscopic Findings . — ^Most of the alveoli are filled with an eosinophilic, finely 
granular, serous exudate, containing a number of desquamated alveolar cells, 
polymorphonuclear neutrophiles, red blood cells, and fibrin (Figs. 6 and 7). Occa- 
sionally there is a slight to moderate amount of patchy hemorrhage into the alveoli. 
Many desquamated alveolar cells are present. 

Considerable emphysema is found in the alveolar ducts and alveoli toward the 
periphery of the lungs, and is most marked in rats showing the greatest amount of 
pulmonary edema. 

The capillaries of the alveolar walls are engorged vuth red blood cells. The 
arteries and veins are surrounded by a large, loose meshed, clear zone of peri- 
vascular edema into which there are varying degrees of cellular infiltration. This 
gives a very striking picture under low power magnification (Figs. 5 and 7). The 
cellular infiltration consists mostly of large mononuclear phagocytes. Poly- 
morphonuclear eosinophiles and neutrophiles are present in lesser numbers, the 
former being more numerous. Cells of the lymphocytic series are occasionally 
seen. Numerous perivascular lymphatics are found throughout the lungs. They 
are dilated and contain precipitated serum. These are increased above normal 
in size and niunbers (Fig. 7). The alveolar capillaries and walls contain a relative 
increase in the number of polymorphonuclear leucocytes (Fig. 6). The trachea, 
bronchi, and bronchioles are uninjured. 

B. Young Rais {under 100 Days of Age). Gross Pathology. — In 
rats from 9 to 40 days of age there are no abnormal findings. Rats 
100 days old at entry show definite signs of congestion on the 4th 
day, although the edema is very slight as compared with older animals. 
In some cases there is a slight pleural effusion. 

Microscopic Findings. — ^Rats under 40 days of age show no evidence 
of oxygen poisoning other than an early perivascular edema and slight 
cellular infiltration with some dilatation of l 5 Tnphatics (Fig. 5). Ani- 
mals approximately 100 days of age show marked perivascular edema 
and cellular infiltration, dilated l 3 rmphatics, some desquamation of 
alveolar cells, but only small patchy areas of alveolar exudate as 
compared with older animals. The hyperplafeia and hypertrophy of 
the alveolar lining cells is marked. 

Mortality Statistics for Different Ages and Sexes 

An analysis of the mortality data has already been published (2). 
It suffices to say here that all deaths from acute oxygen poisoning 
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occurred in rats on the 4tli day of exposure. There were no deaths in 
animals under 120 days of age, while in the older animals the mortality 
was directly proportional to the age. There was no significant dift'er- 
ence in the mortality rate for males and females. 

Changes in the Lungs of Surviving Animals during Continued Exposure 

Findings from 4th through 7th Days . — During the 5th and 6th daj's of exposure 
there is a rapid removal of the serous exudate from the alveoli. After the 5th day 
no animal showed any pleural effusion. By the end of the 1st week of exposure 
all evidence of the acute edema which began on the 3rd day had disappeared, and 
the lungs resumed a more normal gross appearance. The dark purple color pre- 
viously seen, changed gradually to a dark red, and then to mottled pink about the 
7th day. These color changes paralleled the disappearance of the generalized 
congestion such as was seen microscopically. The lungs did not reacquire a diffuse, 
pink coloration but became finely mottled with small, pink areas on a white or 
grejdsh white background, some of this latter being due to small blebs of em- 
physema. The mottling persisted throughout the experiment and even after the 
animals had been returned to normal air for as long as 214 days. Numerous areas 
of decreased blood supply were found microscopically, in which it was difficult 
to distinguish the capillaries because of the few red blood cells present. This 
gross mottling of the lungs is explicable on the basis of the irregular distribution of 
blood through the capillary bed. 

Microscopically tlie lungs were in fair condition. The alveolar exudate had 
disappeared, the perivascular edema and cellular infiltration were decreased and 
in some instances gone. The alveolar cells, on the other hand, were enlarged and 
increased in number causing a marked thickening of the alveolar walls. A slight 
amount of desquamation persisted. Areas of emphysema were present, but more 
striking were the small patches of atelectasis, involving only a few alveoli irregu- 
larly throughout the limgs. 

Animals Developing Secondary Respiratory Infection 

At the end of the 3rd week of exposure a few of the older animals 
began to die at sporadic intervals. At autopsy, all of these showed 
varying degrees of purulent bronchitis, bronchiectasis, and broncho- 
pneumonia. Such rats had a poor appetite, lost weight rapidly, and 
became dyspneic, apathetic, inactive, and weak. Grossly the lungs 
showed congestion, consolidation, and frequently lobar atelectasis, 
wliile microscopically the characteristic findings of bronchopneumonia 
were present. 
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Animals Remaining Free of Secondary Respiratory Infection, 2nd 
Week to Termination of Experiment 

A. Gross Appearance . — ^Beginning with the 2nd week of exposure the gross ap- 
pearance of the lungs became constant, and the pink and white mottling persisted. 
There was no consolidation, pleural effusion, or edema. 

B. Microscopic Changes . — ^The hyperplasia and hypertrophy of alveolar cells 
continued and numerous mitotic figures were found throughout the experimental 
period. The alveolar walls were thickened by the increased alveolar cells, and 
there was a diminution in the number of blood-containing capillaries in the walls 
(Figs. 8 to 11). This increase in ceUularity occurred in both young and old rats, 
and after the first 2 weeks of exposure no estimation of age could be made from 
the histological picture. 

After 1 month of exposiure the small arterioles of the lungs became prominent 
and apparently more numerous (Fig. 15). Their walls were thickened and the 
lumina narrowed. Later, hyalinization of the walls occurred and occasionally 
thrombosis (Figs. 13 and 15). These changes in the walls made the small vessels 
stand out prominently, which probably accounted for the apparent increase in 
number. Frequently vessels showed thrombosis which appeared to be due to a 
proKferation of the endothelial cells without any evidence of hyalinization. In 
vessels showing the most extensive involvement, the appearance was identical 
to that of the small renal arterioles vmdergoing hyalinization in chronic vascular 
nephritis. It is the type of lesion which is usually associated with hypertension. 
Measurements of the hearts of a representative group of rats failed to show any 
conclusive evidence of h 3 rpertrophy in either ventricle, although the right ventricle 
tended to be a fraction of a millimeter thicker in exposed animals in some instances. 
If true hypertension in the pulmonary circuit were responsible for these changes, 
one would have expected definite right-sided hypertrophy. It is fair to say, how- 
ever, that this point was not adequately settled by studying these small animals. 

A number of large pulmonary arteries began to show marked pathological 
changes about the 45th day of exposure. The walls of these vessels were thickened 
in an irregular manner. The media first assmned a loose meshed appearance 
with clear areas interspersed between the tissue elements. In places the media 
was hyalinized, and definite hyaline cartilage formation was frequently found 
(Fig. 14). In two instances calcification had occurred with these changes. 

All rats autopsied during the last month of exposure showed the changes 
described in the above paragraphs. 

Removal to Normal Air after 72 Days Exposure 

On the 72nd day the first exposure was discontinued. The cham- 
ber was decompressed over a 2 hour period according to the stage 
method formulated by Boycott, Damant, and Haldane (6). The 
animals remained in the experimental chamber for the next 40 days 
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under normal atmospheric conditions. During decompression 28 
per cent of the rats died, all with symptoms of acute asphyxia. These 
showed considerable fibrosis of the lungs, complicated frequently 
with bronchopneumonia. 

The surviving animals appeared to be in excellent health during the 
interval in normal air and made rapid gains in weight (2). Autopsies 
were performed at frequent intervals. The cellularity of the alveolar 
walls and the vascular lesions continued to be present. Slight 
amounts of fibrosis and emphysema were seen, together with some 
increase in interstitial tissue. The lungs, on the whole, were in the 
same condition as they had been since the 2nd week of the first 
exposure. 

Reexposure to 83.6 Per Cent Oxygen Tension after 40 Days in 

Normal Air 

After 40 days in normal air, the remaining 35 rats were reexposed to 
the same conditions that existed during the first exposure. This 
second exposure lasted 10 days. During this time no changes occurred. 

The important finding during this exposure was that none of the 
rats developed acute oxygen poisoning. They remained in excellent 
health, irrespective of the fact that all were now adults. On the 4th 
day, when the acute pulmonary edema was most intense during the 
first exposure, no alveolar exudate or congestion was found. Control 
rats developed classical oxygen poisoning beginning with the 3rd 
day of exposure. 

On the 10th day of the second exposure the chamber was again 
decompressed and the animals returned to normal atmospheric con- 
ditions. Whereas 28 per cent of the survivors died during decompres- 
sion after the first exposure, no deaths occurred this time, and there 
were no signs of temporary illness. The results of the second expo- 
sure may be summarized by saying that complete adaptation to the 
toxic action of an environment having an 83.6 per cent oxygen tension 
was produced by the first exposure, so that on reexposure no changes 
occurred either clinically or pathologically. 

At the present writing, 214 days after conclusion of the experiment, 
all of the surviving animals are apparently in good health and are 
being retained for future study. 33 days after the end of the second 
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exposure three rats were autopsied. The lungs showed the same pic- 
ture as during exposure, although the hypertrophy of alveolar cells 
was somewhat less marked than formerly. 

DISCUSSION 

An explanation for the adaptation of rats to toxic oxygen tensions 
probably involves both physiological and morphological changes. 
The alveolar walls of yoimg rats are much more cellular and thicker 
than those of normal old rats. Young rats do not develop the edema 
of acute oxygen poisoning, whereas old rats show the classical pul- 
monarj'^ edema. After prolonged exposure to a toxic oxygen tension 
the alveolar cells of both young and old rats become hyperplastic and 
hypertrophied, causing a great increase in the thickness of the alveolar 
walls, and the two can no longer be distinguished histologically. 
These changes persist even after removal to normal oxygen tensions. 
On reexposure to toxic tensions no signs of oxygen poisoning are 
found in either the yoimg or old. In other words, the limgs of old 
rats were “made young” during the first exposure, so that on reexpo- 
sure old rats behaved as young ones did on first exposure. 

Although the morphological difference between the lungs of rats 
under 3 months of age and those over 6 months old can be correlated 
with the increased resistance of young rats and the adaptation of old 
rats to 83.6 per cent oxygen tensions, this cannot fully explain the 
differences between the reaction of young, old, and adapted rats. No 
obvious difference between the morphology of the lungs of 1 month 
old rats and 3 months old rats can be detected; nevertheless, a definite 
increase in susceptibility occurs gradually with advancing age, as 
manifested by the increasing severity of the clinical symptoms. There- 
fore, this change in resistance with advancing age can only be explained 
by some physiological alteration in the body. The fact that marked 
histological changes are produced in the lungs of rats by prolonged 
exposure indicates that the defensive mechanism responsible for this 
increased resistance is at least in part in the lungs. We believe that 
an alteration in the physiology of the alveolar cells occurs, and that 
this is the primary factor in the adaptation which results, and in the 
difference in the susceptibility of various age groups. 

Our findings permit three possible explanations for the higher re- 
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sistance of young or of adapted older animals. First, the increase in 
the thickness of the alveolar walls may mechanically decrease the rate 
of diffusion of the alveolar gases, so that at increased oxygen tensions 
the total amount of oxygen reaching the capillaries is only sufficient 
to approximate the oxygen tension of the blood under normal atmos- 
pheric conditions. 

Second, the fact that definite vascular changes have been demon- 
strated after prolonged exposure points toward the possibility that 
generalized alterations in the physiological structure of the capil- 
lary bed in the lungs may be responsible for this adaptation. 

Third, the marked increase in number and size, as well as the 
changed appearance of the alveolar cells, forces one to consider the 
possibility of some change in their physiological properties. Although 
the available evidence has been accepted by the majority of physiol- 
ogists to mean that the gaseous pulmonary exchange is a process of 
simple diffusion, the results of these experiments compel one to con- 
sider the possibility of the alveolar cells engaging in a process of physio- 
logical activity under certain environmental conditions. The strong- 
est evidence for this theory is the fact that adapted animals remained 
in perfect health and showed no clinical symptoms of d3'’spnea or 
anoxemia on sudden removal to normal oxygen tensions. If the 
mechanical theory of impaired diffusion were the sole factor, one 
would expect to find definite signs of respiratory distress at least tem- 
porarily after removal to lowered oxygen tensions. On the other hand, 
this does not eliminate the role that might be played by an increase in 
the resistance of the capillary endothelium. 

CONCLUSIONS 

1 . The alveolar cells in the lungs of young rats are greater in num- 
ber and size than in old rats, a gradual transition to the state in the 
latter occurring from about the 4th to the 6th months of life. 

2. On prolonged exposure to an environment having an 83.6 per 
cent oxygen tension, the cellularity of the alveoli is increased in 
both young and old animals, so that after 2 to 3 weeks it is impossible 
to distinguish them b)’’ morphological differences. Numerous mi- 
totic figures are present in the alveolar cells. This hyperplasia and 
hypertroph}^ is a change which persists for months after the rats return 
to normal air. 
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3. Young rats do not develop the symptoms of acute oxygen poi- 
soning, although some perivascular edema and dilatation of the lym- 
phatics results on the 4th day of exposure, when intense acute pul- 
monary edema is present in old rats. 

4. The mortality of acute oxygen poisoning is directly proportional 
to the age of the animals, although the majority of rats under 6 months 
of age survive this state and continue in apparent good health for as 
long as 72 days. All deaths during the acute stage in an 83.6 per cent 
oxygen tension occur on the 4th day of exposure. 

5. After 1 month of exposure lesions are to be seen in the small 
arterioles of the lungs, consisting of a thickening and hyalinization 
of the walls with ultimate thrombosis of many. These vascular 
changes are identical with those seen in the arterioles of the kidney in 
chronic vascular nephritis. 

6. Around the 4Sth day of exposure the large pulmonary arteries 
contain lesions in the media. The walls become loose meshed, 
thickened, and hyalinized, and hyaline cartilage formation is asso- 
ciated with these changes. 

7. Reexposure of animals following an interval of 40 days in normal 
air subsequent to the first exposure of 72 days, does not produce any 
clinical or pathological changes. An adaptation to this toxic oxygen 
tension is produced during the first exposure, so that oxygen poison- 
ing does not occur on second exposure. The increased ceUularity of 
the alveolar walls persists. 

8. The similarity in the morphological structure of the alveoli in 
young rats and in previously exposed old rats has a definite relation- 
ship to the adaptation that occurs to an oxygen tension of 83.6 per 
cent, preventing the development of acute oxygen poisoning on re- 
exposure. 
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EXPLANATION OF PLATES 

The stain used for all the microscopic preparations was hematoxjdin and eosin. 

Plate 2 

Fig. 1. This field shows the architecture of the lung of an adolescent rat. The 
cellularity and thickness of the alveolar walls are well represented. Normal, 
young rat, 48 days old, male. Camera lucida drawing. X80. 

Fig. 2. The histologj’’ of the normal adult rat lung is illustrated in this drawing. 
The characteristic tliinness and diminished cellularity of the alveolar walls are 
easily seen. Several small blood vessels are present showing the normal relation 
of the perivascular tissues. A comparison of this drawing with Fig. 1 shows the 
relative difference in the thickness and cellularity of the alveolar walls in young 
and adult rats normally. Normal rat, 277 to 288 days old, male. Camera lucida 
drawing. X80. 

Fig. 3. Magnification of the field outlined in Fig. 1. The cellularity and tlrick- 
ness of the alveolar walls in normal young rats is seen more clearly. The rela- 
tively large size of the alveolar cells is also well represented. Camera lucida 
drawing. X340. 

Fig. 4. Magnification of tlie field outlined in Fig. 2. A comparison of this 
drawing with Fig. 3 shows the differences in the detailed histology of the lungs of 
normal old and 5 ’’oung rats. The alveolar cells are more numerous and larger in 
young rats than in old, causing the alveolar walls to be thicker in the former. 
Camera lucida drawing. X340. 


Plate 3 

Fig. 5. Zones of perivascular edema are prominent, and these are the only 
changes found in young rats on the day when acute oxygen poisoning is most 
intense in old animals. The alveoli contain no exudate. Female rat, 37 days old. 
Removed from 83.6 per cent oxygen tension in excellent health after 4 daj^s of 
continuous exposmre, and killed for autopsy. Camera lucida drawing. XlSS. 

Fig. 6. This area shows an extensive alveolar exudate consisting of fibrin, 
desquamated alveolar cells, and polymorphonuclear leucocytes. The capillaries 
of tlie alveolar walls are studded with polymorphonuclear leucoc 3 ’^tes. Female 
rat, 437 to 444 days old. Removed from 83.6 per cent oxj’^gen tension when acutely 
ill after 4 days of continuous exposmre, but died during the decompression to 
normal oxj'-gen tension. Camera lucida drawing. X735. 

Fig. 7. This shows well the diffuse serous exudate in the alveoli, with some fibrin 
and cellular debris. Also, one sees the striking zones of perivascular edema 
and the dilated lymphatics. Male rat, 122 to 130 da 5 's old. Found dead after 
4 days of continuous exposure to 83.6 per cent o.xj^gen tension. Camera lucida 
drawing. X 145. 
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Plate 4 

Fig. 8. This slide illustrates the increased cellularity and thickness of the 
alveolar walls which occur after prolonged exposure. Also, one sees small, patchy 
areas of atelectasis interspersed between expanded alveoli. Note that the alveoU 
contain no exudate, and there is no perivascular edema. Female rat, 87 days old. 
Removed from 83.6 per cent oxygen tension in good health after 49 days of con- 
tinuous exposure, and killed for autopsy. Camera lucida drawing. X80. 

Fig. 9. A comparison of this slide with Fig. 8 shows the similarity of the histo- 
logical structure of the lungs of old and young rats after prolonged exposure. They 
can no longer be differentiated by morphological differences. Contrasting this 
drawing with Fig. 2, the increase in the cellularity of the alveolar walls after 
exposure is readily seen. Patchy areas of atelectasis are present. The alveoli 
contain no exudate. Male rat, 170 to 180 days old. Removed from 83 per cent 
oxygen tension in good health after 44 days of continuous exposure, and killed 
for autopsy. Camera lucida drawing. X80. 

Fig. 10. Magnification of the field outlined in Fig. 8. This drawing is to be 
compared with Fig. 3 in order to emphasize the increased cellularity of the lungs 
of young rats after prolonged exposure. The increase in the size of the alveolar 
cells and the nuclei is also clearly seen. Camera lucida drawing. X340. 

Fig. 11. Magnification of the field outlined in Fig. 9. A comparison of this 
draiving with Fig. 4 shows the marked increase in cellularity of the liuigs of adult 
rats after prolonged exposure. A comparison uith Fig. 10 shows the morpho- 
logical similarity of the lungs of old and young rats after exposure, in contrast to 
the difference in the structure of the lungs of normal old and young rats. Camera 
lucida drawing. X340. 

Plate S 

Fig. 12. Mitotic figure in an enlarged alveolar cell from Fig. 9. Camera lucida 
draiving. X1260. 

Fig. 13. Thickened, hyalinized wall of a small pulmonary arteriole, with endo- 
thelial proliferation. Male rat, 178 to 188 days old. Found dead in 83.6 per 
cent oxygen tension after 52 days continuous exposiue. Camera lucida draw- 
ing. x390. 

Fig. 14. A large branch of the pulmonary artery is shown, illustrating the thick- 
ening of the media with hyaline cartilage formation. Female rat, 217 to 220 davs 
old. Exposure was 30 days in 83.6 per cent oxygen tension, 53 daj's in normal 
air, than 44 days reexposure to 83.6 per cent oxj^gen tension. Camera lucida 
drawing. Xll5. 

Fig. 15. The same slide as Fig. 13. Five small blood vessels stand out promi- 
nently because of the hyalinization and thickening of the walk. Endothelial 
proliferation with thrombosis k seen in one. The alveolar epithelial celk show 
some desquamation due to postmortem changes. Camera lucida drawing. X 155. 















t'LJW t O 



(5mUh rt c!.: Lunj: chan^rs under compres?cd air) 




BOSTON PSYCHOPATMiC HOSPiTAl LISR^RY 

THE JOURNAL OF EXPERIMENTAL MEDICINE VOL 56 PLATE 4 



(Smith et d.: Lung changes under compressed air) 




THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 56 


PLATE 5 






(Smith (t c!.. Lunc umlcr cc 



92 


CAUSATIVE AGENT OF A CHICKEN TUMOR. Ill 


by its agent, the limitation to special breeds of fowls in the early 
transfers, and the fact that the agents cause specific cells to differen- 
tiate into definite types of tissue suggest that the process represents a 
perverse physiological phenomenon. On the basis of this conception 
it has seemed justifiable to set up as a working hypothesis the possi- 
bility that the tumor agents are of endogenous origin, representing 
abnormal activities of the forces which normally control growth and 
dift'erentiation of tissues. A series of investigations to test this idea 
have been carried out, in which the properties of the tumor agents have 
been contrasted with those of typical viruses on the one hand, and 
with cell products such as enzymes on the other. 

Two studies of the series have been published. The first (1) reported the fact 
that the tumor agent is fixed or inactivated in vitro by the mesodermal tissues of 
susceptible fowls, but not by the epitlielial tissues, while none of the tissues of 
non-susceptible animals affect the agent. In this respect the agent resembles 
many cell products whicli are fixed by the specific substrate on which they act. 
As a contrast to this finding, the viruses were not fixed in vitro by tissues most 
susceptible to infection, but had their infectivity greatly increased by the contact 
(2). The second investigation (3) -was on the quantitative and qualitative action 
of ultraviolet light on tlie tumor agent. Bacteria, viruses and phage have been 
shown to be injured in much the same degree by given wave lengths in this general 
range of the spectrum. On the other hand, the chicken tumor agent is not only 
far more resistant to these wave lengths, but there is a striking qualitative differ- 
ence in that the most active wave lengtlis for the agent do not correspond to those 
for the other group. This result is interpreted as indicating a common factor 
in the bacteria-virus-phage group and it suggests that inactivation of tlie tumor 
agent is due to a destruction of a substance having an entirelj’’ different spectrum 
from the group mentioned and therefore of a different chemical character. 

The present study is an attempt to gain further information on the 
nature and properties of the chicken tumor agents by the relatively 
direct method of isolation and purification. This will be followed by a 
publication on the antigenic properties (4) of the agent and another 
presenting the evidence of an inhibiting factor associated with the 
agent (5). 


Fractionation of Active Tumor Filtrates 

As a first step in this investigation we have fractionated active 
tumor extracts in order to determine whether the activity is associated 
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of analyses is given in Table II. On hydrolysis a reducing substance 
was found present in all the precipitates, representing about 15.25 
per cent figured as glucose. The ratio of nitrogen in precipitates to 
that of intact extracts varies with the method of preparation of the 
extract. With the concentrated Berkefeld filtrate from 80 to 90 per 
cent of the nitrogen goes into the precipitate, while with extracts of 
tumor desiccate, which have a liigher nitrogen content, the amount 
carried by the precipitate may be as low as 60 per cent of the total 
amount. If the mixtures are kept slightly alkaline during extraction, 
the percentage of phosphorus is increased. There is little change in 
the physical properties or chemical constituents of the fraction re- 
peatedly dissolved in alkali and reprecipitated with lactic acid. It 
was considered that the fraction was either a mixture of proteins or a 
protein of unusual constitution. Study of this point Avas rendered 
unnecessary by the results of the following experiments. 


TABLE II 


Method of precipitation 

N 

P 

Electrodialysis 

per cent 

12.47 

12.64 

13.33 

per cent 

0.27 

0.29 

0.22 

Lactic acid 

Sodium acetate buffer 



Separation of the Tmnor Agent from the Bulk of the Proteins 

As further attempts to isolate and purify the protein associated 
with the tumor agent failed because the necessary procedure inactiva- 
ted the material, other methods of accomplisliing the purpose were 
sought. We had previously undertaken to adsorb the active principle 
from the filtrate on aluminum hydroxide and then to release it by 
treatment with an alkaline fluid, but at the time the results were con- 
sidered too irregular to justify an extension of the Avork along this 
line. Other investigations have shoAvn that a variety of substances 
adsorb or inactivate the tumor agent (7). Leitch has shown that 
the active material may be released after adsorption on kaolin and 
more recently Frankel has reported some success in releasing it after 
adsorption on aluminum hydroxide (8), but his results Avere irregular 
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of analyses is given in Table II. On hydrolysis a reducing substance 
was found present in all the precipitates, representing about 15.25 
per cent figured as glucose. The ratio of nitrogen in precipitates to 
that of intact extracts varies with the method of preparation of the 
extract. With the concentrated Berkefeld filtrate from 80 to 90 per 
cent of the nitrogen goes into the precipitate, while with extracts of 
tumor desiccate, which have a liigher nitrogen content, the amount 
carried by the precipitate may be as low as 60 per cent of the total 
amount. If the mixtures are kept slightty alkaline during extraction, 
the percentage of phosphorus is increased. There is little change in 
the physical properties or chemical constituents of the fraction re- 
peatedly dissolved in alkali and reprecipitated with lactic acid. It 
was considered that the fraction was either a mixture of proteins or a 
protein of unusual constitution. Study of this point was rendered 
unnecessary by the results of the following experiments. 


TABLE II 


Method of precipitation 

N 

P 

Electrodialysis 



Lactic acid 


Sodium acetate bufier 

13.33 




Separation of the Tmnor Agent from the Bulk of the Proteins 

As further attempts to isolate and purify the protein associated 
with the tumor agent failed because the necessar}’’ procedure inactiva- 
ted the material, other methods of accomplishing the purpose were 
sought. We had previously undertaken to adsorb the active principle 
from the filtrate on aluminum hydroxide and then to release it by 
treatment with an alkaline fluid, but at the time the results were con- 
sidered too irregular to justify an extension of the work along this 
line. Other investigations have shown that a variety of substances 
adsorb or inactivate the tumor agent (7). Leitch has sho\ra that 
the active material may be released after adsorption on kaolin and 
more recently Frankel has reported some success in releasing it after 
adsorption on aluminum hydroxide (8), but his results were irregular 
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in that the released agent was not highly active and sometimes failed 
to induce tumors. It was considered worth while to reexamine the 
possibility of utilizing this method for our purpose. 

Method . — ^For the tiunor agent we used either a Berkefeld filtrate of a fresh 
extract concentrated in a collodion membrane or an extract of tumor desiccate. 
The solutions were kept at a pH of about 7.2 during the process of preparation by 
the addition of n/ 100 NaOH. Tj'pe C aluminum hydroxide was prepared accord- 
ing to the method described by Willstatter and Kraut (9). 20 cc. of the tumor 
extract were mixed with 20 cc. of the aluminum h3'droxide suspension. After 
thoroughlj' shaking, the mixture was centrifuged and the supernatant fluid, which 
for convenience will be referred to as the aluminum supernatant, was decanted. 
The deposit was washed several times with distilled water, and the washing con- 
centrated to 20 cc. in an 8 per cent collodion membrane. Enough of the washed 
aluminum deposit was set aside for inoculation and the remainder was shaken for 
5 minutes with 20 cc. of m/15 Na2HP04 at a pH of 8, centrifuged and the super- 
natant fluid drawn off. This will be referred to as the released material. 

For testing the activitj^ of the various products, thej' were inoculated intra- 
dermally in chickens, everj' fowl receiving 0.2 cc. of each test material. These 
included the foUowng: {a) original tumor extract, (6) the supernatant fluid after 
the aluminum hj'droxide with its adsorbed material had been separated from the 
extract, (c) concentrated washing, (d) the aluminum hydroxide after washing and 
(e) the material released from the aluminum by shaking with Na2HP04. 

In later experiments the technique was modified in one particular to avoid 
unnecessary dilution of the material. The 20 cc. of the aluminum hj'droxide were 
first centrifuged and the excess fluid discarded before the addition of the tumor 
extract. 

A large number of experiments was carried out by these methods, 
the results of 9 of which are given in Text-fig. 1 In addition a great 
many more, in which the animal inoculated was to test the activity of 
the released material for chemical study, yielded similar results. 

® Bjf using the intradermal inoculations it is not onlj- possible to secure more 
accurate measurements, but bj' having each fowl receive control and several test 
materials a better comparison of the growth rate of the induced tumors can be 
arrived at. The period of observ^ation was from 3 to 5 weeks. To eliminate the 
variations due to the difference in potency of the extracts and the susceptibilities 
of the indiwdual chickens we selected the measurement taken at the time when the 
control tumors had reached a certain size. The more susceptible fowls with a 
verx- active extract maj’ reach this point in 2 weeks, while the more resistant ones 
will require 4 weeks. This system has been utilized in arriving at the figures given 
in all of the charts. 
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From the results shown in Text-fig. 1 it is evident that a certain 
amount of the active material is either directly adsorbed on the alumi- 
num or is carried down along with some adsorbed substance, as Frankel 
has reported. That the amount of the agent carried down with the 
aluminum hydroxide represents only a fraction of the total amount 
present in the tumor extract is shown by the results of inoculations, 
for not only is the percentage of tumors induced by the released sub- 
stance low, but the tumors obtained are of relatively small size. The 
increased potency of the agent remaining in the supernatant fluid 
of the tumor extract after removal of the aluminum hydroxide is un- 
questionably due to the elimination of an inhibiting substance, as 


Release of chicken turnon agent 
after adsorption on aluminum hydroxide 

(9 experiments) 


Mdtenal inoculated 

No. of 

inoculations 

Per cent 
tumors 

No.of 

tumors 

Average size 
of tumors 

Tumor extract 

20 

100 

20 

1.4 1.2 cm 

Eluate 

41 

60.9 

25 

^ 1.3 X 1.0 - 

Supernatant fluid 

20 

100 

20 

2.3 X 


Text-Fig. 1. All inoculations were made intradermalh', distributed so that 
each fowl received at least 1 injection of each test material. The size of tlie 
tumors in each individual was recorded when that arising from the control inocu- 
lation had reached about the size indicated in the above figure. 

will be shown in another paper. However, allowing for this factor, 
the activity is such as to indicate that the concentration of the agent 
in this supernatant fluid has been little reduced by the aluminum 
adsorption. 

E^ffect on the Tumor Agent of Variation of the Quantity and Type of 

Adsorbent 

The selection of adsorbent and the ratio of adsorbent to extract as 
used in the foregoing experiments was more or less arbitrary. Im- 
provements in method were sought by additional experiments in 
which the ratios used above were varied, and also Willstatter’s three 
other types of aluminum hydroxide were tested. 
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Variation in Ratio of Adsorbent to Extract . — Tumor extracts prepared as de- 
scribed above were mixed with aluminum hj'droxide Type C in the following pro- 
portions: 1:3, 1:2, 1:1, 1:1/2, l:l/4and 1:1/10. The mixtures were thoroughly 
shaken, centrifuged and the supernatant fluids injected intradermally in chickens. 
The untreated extract was also injected into each chicken for control. The results 
of these experiments with the proportions of 1:1 to 1:1/10 are shown in Text-fig. 2. 
5 such experiments were carried out, in which 19 test inoculations were made of 
each test ratio. There were a few tests with higher ratios of aluminum hydroxide, 
in which the tumors produced by the supernatant fluid were considerably smaller. 

On the whole the results given in Text-fig. 2 are of relative importance 
only, the tests being necessarily crude, since there is considerable 
variation in the activity of the extracts and the adsorbing power of 


Activity of tumor extract after adsorption 
with varying proportions of aluminum, hydroxide 


Ratio of tumor extract 
to aluminum hydroxide 

U1 

ZA 

4d 

Control 

Number of inoculations 

r 

19 

2.07x1.46 

19 

1.73x1.35 

19 

1.67x120 

19 

1.60x120 

Average size of tumors! 
(cm.)' 

• 





Text-Fig. 2. The above results are based on the average size of tumors in- 
duced in 5 experiments in which all inoculations resulted in tumors. Each chicken 
received an intradermal inoculation of each of the test materials and the measure- 
ments recorded in the figure were based on those of all tumors in an individual at 
the time when the tumor from control inoculations had reached about the size 
indicated. 

the aluminum hydroxide varies with time. However, even allowing 
for the two variable factors, the supernatant fluid of the 1 : 1 mixture 
was plainly the most active in tumor production in practically every 
experiment. 

Action of Different Types of Aluminum Hydroxide . — Comparative 
tests have been made with Willstatter’s four types of aluminum 
hydroxide. 

The technical procedure was essentially the same as that described above. Mix- 
tures were made of chicken tumor extract and of Tj^ies A, B, C and D aluminum 
hydroxide in a ratio of 1:1. The mixtures were shaken and centrifuged and the 
supernatant fluid injected intradermally in chickens. The injections were so 
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distributed that each of the chickens received an inoculation of the supernatant 
fluid from the four types of aluminum and a control inoculation of the original 
tumor extract. The tumors produced the supernatant fluid from Types B 
and D aluminum h 3 ^droxide were little if anj' larger than the controls, while that 
from T3T3e A was smaller. The results with the supernatant fluid from T 3 ^e C in 
this e.xperiment were similar to those reported in the previous experiments, in that 
the tumors were considerably larger than those produced b 3 ’^ the original tumor 
extract. 

While this experiment also is crude, owing to the fact that the 
amount of aluminum hydroxide by weight is not accurately indicated 
by volume of the different preparations, from the point of view of 
our objective, the separation of the tumor agent from contaminating 
material, the results indicate that Type C aluminum hydroxide is the 
most satisfactory preparation for this purpose. In subsequent stud- 
ies this type was used exclusively. 

Nature of the Tumor Extract after Adsorption with Type C Aluminum 

Hydroxide 

The aluminum supernatant fluid is derived from either a concen- 
trated Berkefeld filtrate from fresh Chicken Tumor I material or from 
a 3vater extract of a desiccate of the tumor. When the filtrate of fresh 
tumor is used, the supernatant after removal of the aluminum hydrox- 
ide is a clear, colorless fluid with a high viscosity. If an extract of 
tumor desiccate is the source, the fluid is equally viscous and is gen- 
erally opalescent, a property probably due to lipoids. A detailed 
chemical study of this material will be published later, but a summary 
of the preliminar}'- work follows. 

Nitrogen Content . — The nitrogen content of the concentrated filtrates and 
extracts of dr 3 '^ material shows considerable variation, but on tlie average of some 
12 anah'ses is 0.527 mg. per cc. for filtrates and for the extracts of desiccates is 
0.724. Of this amount 92.60 per cent is adsorbed on the aluminum Iwdro.xide 
from the filtrates and 86.47 per cent from the extracts of dr 3 ' tumor. Of tlie 
amount adsorbed on the aluminum about 27 per cent is found in the released 
material. 

Reducing Substances . — On h 3 'drol 3 ’’sis of the aluminum supernatant fluid a reduc- 
ing substance is found, which, figured as glucose, amounts to 0.175 mg. per cc. 
This represents about 1/3 of the amount present in the full tumor extract, indicat- 
ing that this substance is adsorbed in a smaller ratio than the nitrogen-containing 
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substances. The ratio of nitrogen to sugar in the full extract is 1 to 0.95, while in 
the aluminum supernatant fluid it is 1 to 3.48. 

While the usual protein-precipitating agents, such as acetic, tannic, tungstic 
and trichloracetic acids, produce no precipitate in the aluminum supernatant, salts 
of the heavj' metals such as lead, silver and mercurj% and the basic dj-es, safranine 
and neutral red, do give precipitates. The biuret, Millon, Adamkiewicz’s and 
xanthoproteic tests are negative. Moh'sch and Tollens tests are positive. 

The biological tests for protein have been negative. 9 guinea pigs, injected 
intraperitoneally with 8 cc. each of intact tumor extract, showed no anaphylactic 
sjTnptoms w'hen given 14 daj's later from 2 to 10 cc. of aluminum supernatant 
fluid intravenously. Furthermore no sensitization was induced in 14 animals bj' 
the injection of even the equivalent of 40 cc. of highly active aluminum supernatant, 
as demonstrated bj' the absence of anaphj-lactic sNTnptoms when a second injection 
of 2 to 10 cc. of the same material was given 12 days later. However, there is 
some sensitization induced in these animals to an intravenous injection of unpuri- 
fied tumor extract. As a further indication of the verj' low protein content of the 
aluminum supernatant, the sera of rabbits repeatedly injected with the material, 
while showing neutralizing antibodies, gave no evidence of complement-fixing 
antibodies. 

Removal of Viscous Material from Aluminum Supernatant Fluid 

The properties of the aluminum supernatant fluid as outlined above 
indicate that the protein content is extremely small, and that the 
main constituent is probably a carbohydrate. The fact that the 
tumor extracts contain muco-protein, and that the aluminum super- 
natant fluid contains a viscous substance which behaves like an acid, 
suggested that the latter has properties similar to chondroitin-sulfuric 
acid. In attempts to eliminate it as a further step in purification, 
the direct removal by precipitation with such agents as the salts of 
heav}’’ metals or basic dyes w’as found to destroy the tumor-produc- 
ing activity of the solution. One of us (Claude) conceived the idea 
that the removal might be accomplished by combining the substance 
with a basic protein. Gelatin was selected for the reason that it has 
no antigenic properties and is not precipitated by acids under the 
conditions of the experiment. 

Expcrimcul. It was found by preliminary tests that when gelatin is added to 
aluminum supernatant fluid and the pH of the mixture brought to between 4 and 
4.8 with M/10 acetate buffer a precipitation is induced. Xo precipitation occurs 
in either the aluminum supernatant fluid or the gelatin solution alone when the 
acid is added. On the basis of these findings the following method was evolved 
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for use ill the experiments: to 10 cc. of aluminum supernatant fluid of a chicken 
tumor extract, prepared as described above, was added 1 cc. of a 2 per cent solution 
of commercial gelatin (Gold Label). Sufficient m/10 acetate buffer at pH 4.7 
was added to bring the solution to pH 4.8. After 10 minutes the fluid was centri- 
fuged, the supernatant fluid filtered through filter paper, the precipitate washed 
with acetate buffer at pH 4.7 and dissolved in a sufficient amount of Ringer’s 
solution to bring the volume up to that of the supernatant fluid. 

The gelatin supernatant fluid proved to be water-clear and limpid. No precipi- 
tate was formed by neutral red or basic lead acetate. The presence of e.xcess 
gelatin did not permit of any conclusion from the nitrogen and sugar determina- 
tions. The dissolved gelatin precipitate, when treated with neutral red or lead 
acetate, gave a precipitate of the same character as that derived from the alumi- 
num supernatant fluid and a substance could be extracted having all the physical 


Effect of nemovdl of viscous material 
from aluminum supernatant fluid of tumor extract 

(21 experiments) 


Material mocolated 

No. of 

inoculations 

No. of 
tumors 

Average size 
of tumors 

Aluminum supernatant fluid 

36 

33 

2.2 1.8 cm. 

Gelatin supernatant fluid 

45 

29 

2.4 

Gelatin precipitate 

19 

10 

^ 1.1 1.6 ' 


Text-Fig. 3. The same system of recording the sizes of tumors was used here 
as in the preceding text-figures. 

properties of the viscous fluid referred to above. Guinea pigs sensitized by die 
injection of 8 cc. of full strength chicken tumor filtrate, aluminum supernatant 
fluid or gelatin supernatant fluid show no anaphylactic symptoms when given 
gelatin supernatant fluid intravenously. This statement is based on tlie results 
on 18 animals tested. There are symptoms however in animals sensitized with 
the gelatin supernatant fluid and subsequent!}' injected with unpurified tumor 
extract. This result is similar to that with the aluminum supernatant fluid re- 
corded in the preceding section. 

The tumor-producing activity of the gelatin supernatant fluid and the dissolved 
precipitate was tested by intradermal injection of 0.2 cc. of each into chickens 
which also received an equal amount of the aluminum supernatant fluid from which 
these products had been derived. The results of 21 e.xperiments in which the 
relative activity of these three materials was tested by inoculation of 36 chickens 
are shown in Text-fig. 3. 
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The results of these investigations show the possibility of eliminating 
one more impurity from the tumor extract -nithout interfering with the 
activity. There is some difficulty in judging the comparative tumor- 
producing activity of the alinninum supernatant fluid and the gelatin 
supernatant fluid, because gelatin enhances the tumor-producing 
property of the agent.'* The fact that an appropriate amoimt of the 
latter is adsorbed on the gelatin precipitate, and yet the amount left 
in the supernatant fluid is still capable of inducing tumors as large as 
or larger than those resulting from the injection of aluminum super- 
natant fluid, renders it very improbable that the viscous substance is 
involved in Uunor production. Unfortimately the presence of pro- 
tein cannot be determined on account of our inability to eliminate the 
excess gelatin; but the failure of this material to sensitize guinea pigs 
to a subsequent injection, and the fact that pigs sensitized to an un- 
purified tumor extract do not react to an injection of gelatin super- 
natant fluid indicates that an infinitesimal amount of protein is 
present or that the protein is non-antigenic. It is hoped that other 
methods can be developed for eliminating the ■viscous material which 
do not introduce factors interfering with direct chemical analysis. 

DISCUSSION 

The principal basis on which the chicken tumor agents are con- 
sidered to be viruses is that they are deemed to be capable of self- 
perpetuation. It is established beyond doubt that these agents are 
definitely increased in amount with the propagation of the tumor. 
However, with increasing knowledge of their properties, certain ap- 
parently fundamental differences betw^een this group and the animal 
viruses make it seem imlikely that they belong to the same order. 
Some of these have already been discussed. Such facts as the sharp 
difference in susceptibility to ultraviolet light, both quantitative and 
qualitative, alone suggested a wide gap between the tumor agents on 
one side and bacteria, viruses and phage on the other. The affinity 
between the tumor agent and susceptible tissues in vitro has no parallel 
among the parasites. We now have evidence for the association of 
the agent with a protein fraction, and for its possible dissociation from 

^ Unpublished observation by Murphy and Sturm, confirmed and e.xtended by 
Claude. 
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the protein. In subsequent papers the presence of an inhibitor prin- 
ciple in tumor extracts and its peculiar antigenic properties will be 
brought out (10). Certain animal viruses can be carried down from a 
suspension with a precipitated protein (11), but so far none has with- 
stood the wide range of pH variation and the vigorous chemical hand- 
ling incident to repeated distribution in fluid and reprecipitation 
tolerated by the tumor agent. Viruses may be infective in dilutions 
so great that chemical tests fail to indicate the presence of protein, but 
the reduction of protein in a virus suspension is accompanied by evi- 
dence of reduction of the infective units present (12). On the other 
hand, tumor extracts cannot be diluted very much and still retain suffi- 
cient concentration to induce tumors (13). 

In discussing a possible classification other than among the viruses 
we have previously used the term enzyme-like (14), a term meant to 
indicate the possible production of the active material b}’' tissue cells. 
No closer analogy to enz3nnes is considered, for most of the evidence 
suggests that the tumor agents belong to a class not yet clearly de- 
fined. That a product of an abnormal cell can cause a normal cell 
of the same derivation to develop into an abnormal cell of the same 
type from which the product came, and in its new form be capable of 
producing more of the active material, has seemed to many a fan- 
tastic conception. At the time that this hypothesis was brought 
forward, there was no clear-cut example of such a phenomenon. Now 
it is known that a substance may be extracted from a type-specific 
pneumococcus which will cause avirulent, non-specific pneumococci 
to change to the virulent form of the same type from which the ex- 
tract was obtained (15) . In its new form the organism produces more 
of the active material and transmits the property to its descendants. 
If we can call this active substance an agent, and tliree distinct active 
chemical substances have been obtained from the pneumococci, there 
is undoubtedly evidence that such agents increase, or more precisely, 
are increased with the cultivation of the organism. Yet these agents 
are products of the virulent cells and are not viruses. The effect of 
these agents may properly be referred to as a mutation. As there are 
other perhaps less well known examples of this phenomenon among 
bacteria (16) lacking proper designation, the term transmissible 
“mutagen” has been suggested for the group (17). With present 
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PROPERTIES OF THE CAUSATIVE AGENT OF A CHICKEN 

TUMOR 

IV. Association of an Inhibitor with the Active Principle'^ 
Bv JAMES B. MURPHY, M.D., and ERNEST STURM 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, March 12, 1932) 

In earlier papers the nature of the chicken tumors has been discussed 
and some doubt expressed as to the basis on which the etiologic agents 
are considered to be filterable viruses (1) . The idea has been advanced 
that these active principles may possibly be of endogenous origin, 
representing abnormal manifestations of the forces which normally 
control growth and differentiation of cells. Accepting this point of 
view as a working hjrpothesis, a series of tests has been devised with 
the expectation that the hjrpothesis may be either established or dis- 
carded. The present paper is a report of the evidence we have thus 
far obtained that indicates the presence of an inhibitor and represents 
an amplification of a previous publication^ (2). Sittenfield, Johnson 
and Jobling have also published some evidence of the presence of such 
a factor in chicken tumors (3) . 

In an extensive series of experiments in which an attempt was made to isolate 
the tumor agent, it was noted that it could be precipitated out from the tumor 
extract along with certain of the proteins (4). Among other tests applied to the 
active precipitate was the Feulgen microchemical staining reaction for nucleo- 
protein. As a parallel to this, the precipitates were also tested wth Mallory 
phosphotungstic stain, which differentiates intercellular material, cell protoplasm 
and nucleus. A correlation between the staining reactions of the precipitate and 
the tumor-producing activitj^ of the extract showed that the more active material 
gave a strong Feulgen test and a clear yellow-red color with the Mallory. With 
less active material the Feulgen reaction was not so pronounced, and the Mallory 
gave a deep maroon-red. Finally with filtrates or e.xtracts of drj-^ tumor, having a 

* This investigation was carried out under the Rutherford Donation. 

* While this article was in press the paper by Sittenfield, Johnson and Jobling 
appeared. 
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very low grade of activit)^, the Feulgen reaction was faintlj’^ positive, while the Mal- 
lory showed blue-staining material predominating in the precipitate. These 
empirical observations, which seemed to indicate that the more active extracts 
contained a higher ratio of nuclear material, togetlier with the fact that an extract 
of desiccated chicken tumor often has a low tumor-producing power while the 
residue is quite active, led to the following experiment. 

Serial Extraction of Dry Tumor 

On the assumption that the blue-staining material found in the 
Mallory test might be in some way responsible for the low grade 
activity of the tumor extract in which it is most abundant, we have 
attempted to eliminate it. 

Experiment . — 1 gm. of a finety powdered tumor desiccate was extracted with 
60 cc. of distilled water, by first rubbing tlie desiccate into a smooth paste in a 
mortar and then thoroughly mixing it by drawing it back and forth in a syringe. 
The mixture Avas centrifuged and the supernatant fluid filtered through filter 
paper. Chickens were inoculated intradermally with 0.2 cc. of the extract and 
with 0.1 cc. of the residue. The remaining residue was extracted again with 
60 cc. of water, tlioroughly mixed by pumping back and forth in a syringe and then 
centrifuged. The supernatant fluid was passed through filter paper and 0.2 cc. of 
tliis second extract and 0.1 cc. of the residue injected intradermally. This pro- 
cedme Avas repeated eight times and eacli extract and eacli residue tested for its 
activity. The results in tumor production are shoAvn in Text-fig. 1, AA’hich repre- 
sents the average of 7 experiments, and in Text-fig. 2, giving one of several tests in 
whicli the first extract Avas inactive. 

The nitrogen content of the extracts, indicating the amount of pro- 
tein present, is shown in Text-fig. 3, which also shoAvs the phosphorus 
content and the amount of reducing substance, figured as glucose. 
These figures are based on tlie average from 3 experiments. Over 60 
per cent of the soluble protein, as indicated by the nitrogen present, is 
found in the first extract, Avhile the third extract — ^Avhich is the most 
active in tumor production — has only about 1/4 as much. The fourth 
extract, \Adiich is almost as active as the third and far more active than 
the first, has only 0.08 mg. of nitrogen per cc. The reducing substance 
decreased at almost the same ratio. These figures are based on analy- 
ses carried out by Dr. 0. M. Helmer. 

As Avill be seen from Text-fig. 3, the third and fourth extracts are 
more active than the first and second. Tliis might be taken to indi- 
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Text-Fig. 1. In this series of experiments and those included in subsequent 
text-figures, the inoculations were made intradermall 3 ', each animal receiving from 
6 to 8 inoculations. The measurements of the tumors of each fowl used in the 
charts were those made when the tumor from the control inoculations, or a selected 
one of the test tumors, had reached a certain size. This method gives more 
accurate data on the relative potencj' of the materials tested and largely eliminates 
the confusing variation due to differences in susceptibility in individual chickens 
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Text-Fig. 2. For method of inoculation and comparative measurements see 
explanation of Text-fig. 1. 
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cate that the active principle is difficultly soluble and that more, 
comes out with the repeated washings; but the fact that the residues 
after extraction become progressively more active leaves little doubt 


Analysis o| secieJ. extracts 
o[ desiccated C.X I 
Composite chart O'^ 3 experiments' 



Text-Fig. 3 

that some inhibiting substance is being removed with the extract. 
That the first extracts contain considerable amounts of the active 
principle is shown by the next experiments. 
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Removal of Inhibitor by Adsorption on Alwnimim Hydroxide 

In a preceding paper the results of treating extracts of the chicken 
tumor with aluminum hydroxide have been described in connection 
with purification of the tumor agent (5). The removal of approxi- 
mately 90 per cent of the nitrogen-containing elements from the 
extract with the aluminum hydroxide was accomplished without loss 
of activity in the remaining fluid. In fact, the remaining fluid was 
more active than the original extract, in spite of the removal of a 
certain amount of the agent on the aluminum hydroxide adsorbate. 


Method. — A concentrated Berkefeld filtrate of fresh chicken tumor or an extract 
of tumor desiccate was added to an equal volume of almninum h 3 ’-droxide (Willstatter 
Tj-pe C), prepared in the usual way (6). This was shaken until thoroughlj' mixed, 


f 


Effect of treatment with aluminum hydroxide 
on the activity of C.T. I extract 

14 experiments 

Control Supernatant fluid 

' I ( — ■ 


1 


^A/erage 


size of 36 tumors -1,5 >'1.2 cm. 



A/erage size of 36 tumors- 24 >' IB cm. 


Text-Fig. 4. The method of recording measurements of tumors was the same 
as that used in the preceding text-figures. The control inoculation was a sample 
of the same tumor extracts subsequentlj' treated n-ith aluminum hydroxide. 


centrifuged and the supernatant fluid drawn off. Chickens were inoculated intra- 
dermally with 0.2 cc. of this fluid in several areas, and also with equal amounts of 
the original extracts for controls. Weekly measurements were made. The aver- 
age of the results of 14 experiments, in which 36 inoculations were made of both 
tumor e.xtract and almninum supernatant fluid, are shown in Text-fig. 4. 

The fact that an appreciable amount of the agent is removed with 
the aluminum has been shown in a previous paper. In spite of this 
loss in concentration the fluids left after adsorption on aluminum are 
markedly more active in the production of tumors than the full extracts 
before adsorption. This seems to indicate that an inhibiting substance 
must have been carried w'ith the aluminum fraction, leaxdng the re- 
duced concentration of the agent in the supernatant fluid more active, 
unhampered by an inhibitor. 
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Inhibiting Snbsiance in Slmvcr-Groiving Tumors 

While the Chicken Tumor I is extremely rapid in its growth, occas- 
ionally a slower-growing tumor is encountered, or the tumor appears 


Inhibitors from chicken tumor I 
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Text-Fig. 5. The figures given here are based on 250 inoculations. Those 
included in the inhibitor group were inoculations resulting in no growth. There 
is undoubted evidence of retardation even when tumors did arise from these test 
inoculations. The system of recording measurements of tumors was the same as 
that used in the preceding charts. 


at times to pass through a phase of reduced malignancy. It was 
considered possible that these phases might be due to relative varia- 
tions in the ratio of agent and inhibitor. 
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Experiments . — ^The desiccates of a niimber of slower-growing tumors were used 
in these experiments. An extract was prepared in the usual way, and the ttimor- 
producing activity was destroyed by heating at 55°C. for 30 minutes. This 
inactivated material was mixed with an equal amount of an active e.xtract from a 
fast-growing tumor, and 0.4 cc. injected intradermaUy into chickens. As a further 
test the action of the inactivated extract was tested on a highly potent fluid left 
after adsorption on aluminum hydroxide. The results of some 35 experiments, in 
which 250 test inoculations were made, are shown in Text-fig. 5. 

The heated extract of slow-growing tumors completely neutralized 
the tumor-producing power of the active extracts in 78 per cent of 
cases, and partly neutralized the activity in the remaining 22 per cent. 
The more active supernatant fluid from tumor extracts treated with 
aluminum, inoculated together with the inhibiting extract, failed to 
induce tumors in 91 per cent of tests. The control injections of active 
extracts and aluminum supernatant fluid resulted in 100 per cent 
tumors. The mucoid exudate obtained from certain slow-growing 
tumors, showed after heating a similar inhibiting action on active 
extracts. No inhibiting action was noted with the heated extracts 
or the mucoid exudate obtained from rapidly growing tumors. 

All attempts to release the inhibiting substance in detectable 
amounts after adsorption on aluminmn hydroxide have thus far failed. 
Berkefeld filtrates of fresh tumors show little evidence of the presence 
of an inhibitor, owing perhaps to the relatively great dilution of this 
material. 

The effect of heat on the inhibitor was next tested. The same 
methods were used as in the foregoing experiment, except that various 
samples of the extract were heated at 60°, 65°, 70°, 75°, 80°, 90° and 
100°C. for 30 minutes each. The effect of these samples was tested 
on the tumor-producing power of an active extract. The results, as 
showm in Table I, demonstrated that little or no inhibiting power 
remains in the specimens heated to 65° and over. 

From the above experiments it is evident that the slow-growing 
chicken tumors contain an inhibiting factor capable of neutralizing 
the tumor agent in its most active form. The inhibiting substance 
withstands 55°C. for 30 minutes, but is inactivated when heated above 
65°C. The fact that the more active tiunors do not contain sufficient 
amounts of the inhibitor to be demonstrable by this method, although 
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there is adequate proof that it is present, indicates that the degree of 
malignancy may depend in part on the ratio of agent to inhibitor. 
There is no doubt that the individual susceptibility of the inoculated 
fowl plays a part; but, when a number of extracts of different tumors 
of the same type are injected in the same fowl, the variation in potency 
is evident. If, as we have noted many times, this test is repeated on 
a number of chickens, some will be markedly more susceptible than 
others; but the relative activity of the different extracts will be mani- 
fest in all. 


TABLE I 


Efccl of Heat on the Chicken Twnor Inhibitor 
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DISCUSSION 

From the point of view of the suggested hypothesis, according to 
which the tumor agent may be related to the normal growth-controlling 
mechanism of the cell, it might be expected that an inhibiting agent 
would also be present in the tumor. This is suggested by the fact that 
biological forces are generally balanced phenomena, the presence of an 
active force checked by a retarding one. There seems little doubt 
from the results reported here that an inhibitor does exist in the 
chicken tumors studied, more powerful in the extracts of slow-growing 
tumors, but definitely present in those of more rapid development. 
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Aside from individual variation in susceptibility of the fowls, the 
relative activity of any given tumor extract seems to depend on the 
proportion of agent to inhibitor. It is not unusual to have an inactive 
extract, which, after removal of something by adsorption on aluminum 
hydroxide, shows the presence of sufficient agent to produce vigorous 
tumors. These observations, taken with the fact that the inhibitor 
from the chicken tumor acts de&iitely on mouse sarcoma and is with- 
out effect on carcinoma (7), suggest that this agent is a specific factor, 
not an incidental proteolytic enzyme or accidentally injurious chemical 
substance. 

The relationship of this inhibitor to the normal growth-balancing 
mechanism of cells is not established by the experiments reported here.. 
Theoretically, if our hypothesis is correct, it should be possible to 
separate the inhibitor from active normal tissues, just as it should be 
possible to isolate the growth-stimulating agent. While there is 
evidence that the latter can be accomplished,^ the methods thus far 
used have not yielded regular results. That an inhibiting substance 
can be secured from normal tissues for mouse tumors under certain 
conditions is established.®' Perhaps these results with the chicken 
tumor agent, deemed to represent an adsorption on normal tissues in 
viiro, really represent neutralization by an inhibitor (8). The rela- 
tionship of the inhibitor in the tumor to the “antibody” which An- 
drewes has demonstrated in the blood of chickens with slow-growing 
tumors has not yet been determined (9). 

While the presence of an inhibiting substance in the chicken tumor 
is established, and it would appear to be a specific force, its true nature 
and its relationship to the causative agent on the one hand, and to the 

* In a report to the International Cancer Conference, London, 1928, a reference 
was made to tumors induced by the injection of a fraction of an extract of normal 
chicken testicle. 4 experiments thus far have resulted positively and twenty-three 
tumors have been produced by this method. However, there have been many 
negative experiments, ^\^lethcr these results indicate that the method is inade- 
quate, giving only occasionally the growth factor in sufficient concentration or 
free enough from the hj-pothetical inhibitor to induce tumors, or whether there is 
some other e.xplanation, are questions which cannot be answered at present. 

’ A preliminar>' report has been published in Science. The complete study will 
appear later in The Journal of Experimental Medicine. 
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balancing factor of normal cells on the other, are questions which must 
await further development. 


SUMMARY 

The presence of an inhibiting substance in the chicken tumor is 
shown by the fact that a desiccate of the tumor is more active after it 
has been washed two or three times with water, and that an extract of 
the tumor is more potent after some factor is removed by adsorption 
on aluminum hydroxide. 

When the tumor-producing factor in an extract of a slow-growing 
tumor has been destroyed by heating at 55°C. it is found to have the 
property of neutralizing a highly active tumor extract. This inhibit- 
ing property is destroyed by heating over 65°C. 
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their primary object being to obtain light on the nature of the tumor 
agent through a better understanding of its antigenic properties. 

Method . — ^^Vhen the source of the agent was fresh tissue, 25 gm. of tumor were 
ground with sand and extracted with 500 cc. of fluid. After passage through a 
Berkefeld filter, the extract was concentrated to 1/5 of its original volume in 
alundum thimbles lined with 8 per cent soluble cotton membrane. When a desic- 
cate of the tumor was the source, 1 gm. of the powder was extracted with 60 cc. 
of the fluid. After centrifugation the extract was filtered through paper. 

Rabbits were used throughout. The general method of immunization was to 
give 5 cc. of the antigen intravenously at 2 day intervals until each animal had 
received 6 injections or 30 cc. of the antigen. From 12 to 14 days after the last 
injection the animals were bled from the heart and the serum collected. The 
precipitating and neutralizing power of the sera were tested within a few hours 
after withdrawal of the blood. The precipitin tests were run with dilutions of the 
antigen to 1:1 to 1:320. For the neutralizing power of the sera, chickens were 
injected intradermally with a mixture of 0.5 cc. of serum to 0.2 cc. of a concentrated 
fresh tumor extract with control injections of tumor extract alone and with normal 
rabbit serum.^ 

Comparison of Antigenic Properties of Tumor Extracts and Protein 

Fractions of Extracts 

In the first group of tests the antigenic properties of chicken tumor 
filtrates, prepared by three different methods of extraction, were com- 
pared with the acid-precipitable protein (10) of each extract. 

The usual method of preparing tumor filtrates is to extract the tumor with 
Ringer’s solution or normal saline solution. In our experience, however, the 
results have been somewhat better if the tissue is extracted with distilled water, 
keeping the suspension slightly allcaline during the procedure. A tlrird method 
used, with the expectation of securing more of the nuclear protein in the solution, 
^Yas to extract the tumor material with 5 per cent salt solution. 

A given amount of each extract was divided into tw'o equal portions, one to be 
used for testing tlie antigenic properties of the extract as sucli, and the other as 
the source of the protein fraction. The latter was secured by the addition of 
n/10 lactic acid until a clear-cut precipitate was formed. The point at which this 
occurred varied somewhat with different extracts, but w’as generally between pH 4 
and 4.4. The precipitates were washed wdth distilled water and then dissolved 


‘ The neutralizing power of the sera was tested in all e.xperiments within a few 
hours of the withdrawal of the blood from the immunized rabbits. Therefore our 
tests do not indicate Avhether or not complement is necessary for the reaction. 
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Anti Ringers solution extract sera 
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Anti 5/i salt solution extract sera 


Anti precipitate of HaO extract sera 


Anti precipitate of Ringer’s solution extract sera 


“te-g tinal dilutions o[ antigens 

Antigens tested 1=1 1=5 1=10 1=20 1=40 1=80 

H2O extract of tumor 
Ringer's sol. ext. 

5% salt ■ 

Acid ppL of HzO ext. 

■ ’ ■ Ringer’s sol. ext. 

• • ■ 5% salt • ■ 

SuperiHt. fluid • Ringer’s • • 

■ • • 5^ salt • " 

H2O extract 
Ringer’s sol. ext. 

5% salt ■ 

H2O extract 
Ringer’s sol. ext. 

5% salt • 

H2O extract 
Ringer’s sol. ext. 

57. salt ‘ 

Acid ppt. of H2O ext. 

■ • ■ Ringer’s sol. ext 

• ’ ■ 57 salt ■ • 

Supernat. fluid • Ringer’s • • 

■ ■ ’ 57 salt " • 

H^O extract 
Ringer’s sol. ext 
5% salt ’ ■ 

Acid ppt of HaO ext 

• • • Ringer’s sol. ext 

■ ■ ■ 57 salt ■ ■ 

Supernatfluid ■ Ringer’s • • 

• • 57 salt • • 

H2O extract 
Ringer’s sol. ext 
57 salt 

Acid ppt. of H2O ext 

■ " ■ Ringer’s sol, ext 

• ■ ■ 57 salt ■ ■ 

Supernatfluid" Ringer's ■ 

• • 57 salt ■ • 

HzO extract 
Ringer’s sol, ext 
57 salt 

Acid ppt of H2O ext 

• • • Ringer’s sol. ext 

• • ■ 57 salt • ■ 

Supernatfluid" Ringer’s " 

• " " 57s3lt • " 

HaO extract 
Ringer’s sol, ext 
57 salt " 

Acid ppt. of HeO ext 

" • " Ringers sol. ext 

" " " 57 salt ■ " 

Supernatfluid" Ringer’s • • 

• " " 57 salt " • 

Text-Fig. 1. The amount of extension of the lines into the spaces under the dilutions m 
dicates the intensity of the precipitin reaction for the given dilution of antigen. 
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Anti precipitate of 57 salt solution extract sera 
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Anti supernatant fluid of 57 salt solution extract^£^ 



JIURPHY, STURM, FAVILLI, HOFFILAN, AND CLAUDE 


121 


tion carrying the activity of either of these extracts is equally effective 
in calling out precipitins in rabbits. The neutralizing power is shown 
not only by the figures for complete inhibition but also by those for 
partial inhibition, as indicated by the size of the tumor in the positive 
inoculations. The results with 5 per cent salt solution are significant 


Neutralization o| tumor extracts by anti sera 


Sera inoculated 
vith tumor filtrate 

No, of sera 
tested 

No.of 

inoculations 

Percent 

neutralization 

No.of 

tumors 

Average size 
of tumors 

Anti HjO tumor extract 

10 

34 

8Z4 

6 

• 0.9 06 cm. 

Anti Kinger’s solution, 
extract 

4 

10 

90.0 

1 

# 1.3 M2 ■ 

Anti salt solution 
extract 

'4 

10 

400 

6 

• 1.0 X 08 ■ 

Anti precipitate of 
tijO extract 

7 

30 

76.7 

7 

• Q8x08 ■ 

Anti precipitate of 
Ringer’s solution 
extract 

7 

20 

800 

4 

• 10x08 ■ 

Anti precipitate of 5Z 
salt solution extract 

6 

20 

25,0 

15 

4^ 19x1.5 ■ 

Anti supernatant fluid 
of Ringer’s solution 
extract 

4 

9 

333 

6 

• 15x1.0 • 

Anti supernatant fluid 
of 57 . salt solution 
extract 

5 

11 

455 

6 

4^ 19 X ■ 

Normal rabbit serum 

12 

39 

26 

38 

23x1.4 ■ 


Text-Fig. 2. All inoculations were made intradermally and each fowl received 
besides the test inoculations an injection of imtreated tumor extract for control. 
The measurements were recorded when the tumor from the control inoculation 
had attained a certain size. 

only because there is some evidence that neutralizing antibodies may 
be developed by extracts, which themselves have a low grade tumor- 
producing activity . The same lack of relationship between the tumor- 
producing properties of the antigen and antibody response is seen in 
t e fact that the neutralizing power of the sera developed against the 
protein precipitate of a Ringer’s solution extract is just as effective 
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as that of the sera developed against the precipitate of the water ex- 
tracts. Yet these two antigens show a marked difference in tumor- 
producing power. The antisera developed against normal chicken 
tissue extracts have no very significant precipitating or neutralizing 
antibodies toward the tumor extract. 

Antigenic Properties of Buffer Precipitates of Tumor Extracts 

As another step in the attempts to isolate the agent from the tumor 
extracts, it was hoped that a clearer-cut separation could be obtained 
if the precipitation were carried out with buffered solutions (10). The 
study in parallel of the antigenic properties of these precipitates is 
recorded here, primarily because of the results with normal tissue 
extracts which are used as controls. 

Experiment . — The water extracts of dried tumor and of fowl testicle were 
prepared as described above. To secure tlie precipitates, these extracts were 
added in the ratio of 1 cc. to 5 cc. of m/100 acetate buffer at a pH of about 4.2. The 
precipitates were dissolved in n/200 NaOH. The residues, after extraction of the 
testicle material, were suspended in Ringer’s solution and also used as antigens. 
As a further control the nuclear material from chicken red blood cells was obtained 
b)' laking the blood and washing out tlie hemoglobin. Thus tlie antigens tested 
' in this experiment included buffer precipitates from the water extracts of tumor 
and testicle tissue, the water-soluble testicle residue and the nucleoprotein of tlie 
chicken blood. 2 rabbits were used for each antigen. The results of precipitin 
and neutralization tests are given in Text-figs. 3 and 4. 

It is of interest to note that the sera developed against the tumor 
extract precipitates had precipitins for both testicle extract and its 
precipitate, while the anti testicle precipitate and testicle residue sera 
showed no reaction with the tumor precipitate. The antibody re- 
sponse to the blood protein was slight, but about equal for the tumor 
and testicle extracts. The neutralizing power of the anti tumor sera 
is definitely shown by the number of negative results from inoculation 
with the sera and fresh tumor extracts, as well as by the small size of 
the tumors in successful inoculations. The other sera were without 
definite neutralizing power, with the possible exception of that de- 
veloped against the testicle residue, which yielded when injected with 
an active extract 33 per cent of negative inoculations, while the tumors 
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Antigens tested 
CT I ext 2 

Bujfep ppt.oj C.T. I ext, 2 
Testicle ext. 2 

Buffer ppt. of testicle exL 2 

C.T, I ext. 2 

Buffer ppt of C T I ext 2 
Testicle exL 2 

Buffer ppt.of testicle exL 2 

C.T. I ext. 

Buffer ppt of C.T. I ext. 
Testicle ext. 

Buffer ppt.of testicle ext 

C.T. I ext. 

Buffer ppt. of C.T. I ext. 
Testicle ext. 

Buffer ppt of testicle ext 


Precipitin tests 

Anti acetate buffer precipitate of C.T, I extract 
Dilutions of antigens 

1=5 . HO 120 MO IBO . M60 



Anti acetate buffer pr 

ecipitate of testicle extract 

1 ■, 1 




Text-Fig. 3. The lines show the extent of the principal reaction. The degree 
of penetration into the spaces for the dilutions indicates the intensitj' of the reac- 
tion for that particular dilution. 


Neutralization of tumor extracts by anti sera 
Sera inoculated No. of sera No.of Pfepcent No.of Average size 


with tumor extract 

tested 

inoculations 

neutralization 

tumors 

of tumors 

Anti buffer precipitate 
of tumor extract 

2 

6 

666 

2 

• 1 1 ’’ 08 cm. 

Anti buffer precipitate 
of testicle extract 

2 

14 

71 

13 

# 1.7 X 1.4 • 

Anti testicle residue 

2 

6 

333 

4 

• 10x08 • 

Auiti chicken blood 
protein 

2 

14 

71 

13 

# 1.7 X 14 ■ 

Normal rabbit serum 

3 

9 

00 

9 

24 X j.g ■ 

Tumor extract (control) 

- 

10 

- 

1.0 

^ 1.6 X 1.5 > 


Text-Fig. 4. The method of recording the relative sizes of the tumors in these 
e.\-periments was the same as that described under Text-fig. 2. 


from the positive inoculations were somewhat smaller than the 
controls. 
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Antigenic Properties of the Purified Tmnor Agent 

The various attempts to determine the nature of the tumor agent 
resulted in a method of securing very active products with low protein 
content or even almost free from protein. The first observation in 
this line was that a water extract of dr}’- tumor had a relatively low 
tumor-producing activity. The residue extracted a second time gave 
a more active material, while a third extract of the material was still 
more potent in the production of tumors (11). The principal signifi- 
cance of this observation was that over 60 per cent of the soluble nitro- 
gen-containing compounds were removed in the first extract, while 
the most active extract, the third, had less than 12 per cent and the 
fourth, which was still very active, contained only about 0.08 mg. of 
nitrogen per cc. 

Another method of removing the bulk of incidental protein in the 
tumor extracts is by adsorbing them out on colloidal aluminum hydrox- 
ide (Willstatter Type C). With the proper ratio between the amount 
of aluminum hydroxide and tumor extract it has been found that 
practically all of the proteins are taken down with the colloid, leaving 
a highly active material in the supernatant fluid. The details of this 
method are given in another paper (12). The fact that guinea pigs 
are not sensitized by this material indicates the extremely small 
amount of protein remaining. The principal contamination of this 
supernatant fluid proved to be a material resembling chondroitin- 
sulfuric acid. This can be removed by combining it witli a basic 
protein and then precipitating out the new compound without reduc- 
tion in the tumor-producing activity. The principal products de- 
veloped in this study were investigated for their antigenic properties. 

Experiment . — In this group of experiments tiie antigenic properties of the fol- 
lowing products were investigated: first and third extracts of tumor desiccate, 
the supernatant fluid after adsorption of a tumor extract with aluminum hj’droxide" 
(which will be referred to as aluminum supernatant), the supernatant fluid of the 
above extract after precipitating out the chondroitin material with gelatin (whicli 
will be called the gelatin supernatant), and finall}’ tlie chondroitin-gelatin pre- 
cipitate. The system of injecting the rabbits was the same as that used in the 

- The aluminum supernatants used in these experiments were prepared by Dr. 
O. M. Helmer 
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Neutralization of tumor extracts ly anti sera 


No. of sera 

Naterial inoculated tested 

No. of 

inoculations 

Fer cent 
negative 

lb of 
tumors 

size 
of tumora 

Anti tumor extract 
serum + tumor extract 

10 

32 

53.2 

15 

# 1.2 1.0 cm. 

Anti tumor extract 
serum + aluminum 
supernatant fluid 

8 

20 

TOO 

6 

• 0.9 >^08 • 

Anti aluminum super- 
natant fluid serumr 
tumor extract 

14 

68 

236 

18 

• 03 * 06 ■ 

Anti aluminum super- 
natant fluid serum + 
aluminum supernatant 
fluid 

14 

65 

846 

10 

• 08 * 07 ■ 

Anti 3”'^ extract serum 
tumor extract 

A 

15 

656 

5 

• 09>'08- 

Anti 3^ extract serum 
■* aluminum supernatant 
fluid 

A 

9 

m 

2 

• 0.4 “ 0.3 • 

Anti gelatin super- 
natant fluid serum 
tumor extract 

15 

29 

241 

22 

^ 19 > 13 • 

.Wa gelatin super- 
natant fluid serum» 
aluminum supernatant 
fluid ^ 

6 

15 

66 

14 

^ 19 X 14 • 

Anti gelatin precipi- 
tate serum * tumor 
extract 

12 

34 

11.7 

30 

^ L8 X 1.4 . 

Anti gelatin precipi- 
tate serum * alumi- 
num supernatant fluid 

6 

IT 

00 

17 

^ 20 X 12 • 

Normal serum tumor 
extract 

13 

29 

00 

29 

23 X 18 • 

Normal serums alumi- 
num supernatant fluid 

10 

21 

00 

21 

^ 23 X 17 • 


Text-Fig. 5. For e.xplanation of tumor measurements see Text-fig. 2 


preceding experiments. The activity of each product used in the immunization 
was tested on chickens. 

Tests showed that the sera from animals immunized with the full tumor extract 
had predpitins for the extract as such and gave a doubtful reaction with the third 
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extract, but no evidence was obtained of precipitins for the aluminum supernatant 
and gelatin supernatant fluids. The antisera for the third extract gave a doubtful 
reaction with the third extract and had no precipitins for the extract as such or any 
of the other preparations. The sera of animals injected with aluminum super- 
natant, gelatin supernatant and gelatin precipitate showed no precipitins for any 
of the preparations, nor did these sera give flocculin when tested rvitli the Ramon 
technique. The results of the neutralization test are shown in Text-fig. 5. 

In 10 experiments the complement-fixing power has been tested on 11 sera 
developed against the water extract of the chicken tumor, 21 sera developed 
against the supernatant fluid of a tumor extract after the major portion of the 
protein had been adsorbed out on aluminum hydroxide, 9 sera from rabbits injected 
with extracts after the removal of the viscous material and 9 against the viscous 
precipitate. The method emploj’ed in the immunization was that described above, 
and the standard Wassermann method was used for determining the complement 
fixation. 

The experiments suggest that the precipitins in the sera developed 
against the tumor extract have no direct relation to the neutralizing 
property. The basis for this statement is to be found in the fact that 
these sera fail to produce precipitation or flocculation in the highly 
active aluminum supernatant fluid of a tumor extract. Furthermore 
the antisera developed against this active material showed no precipi- 
tins with the aluminum supernatant fluid or the full tumor extract, 
although they have a high neutralizing power for the tumor agent. 
The sera of the rabbits injected by Rous, Robertson and Oliver with 
the tissues of the chicken tumor had strong precipitins for chicken 
serum, yet had no evident effect on the tumor-producing agent (13). 
Altogether it would seem that the precipitins result from the injection 
of incidental proteins of the tumor not directly associated with the 
tumor-producing agent. The failure in practically all of the tests of 
the most highl}'- purified product to induce either precipitins or anti- 
bodies for the tumor agent may require further investigation. As tins 
material has a tumor-producing activity at least equal to that of the 
full tumor extract, it does not seem probable that the absence of anti- 
body response can be attributed to the failure to inject into the rabbit 
sufficient tumor agent. 

Complement Fixation Tests icitli Anti Chicken Tumor Sera 

In addition to the tests of the rabbit sera for precipitins and for 
neutralizing power, the presence of complement-fixing antibodies has 
been investigated. 
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Each serum was tested in two amounts, 0.2 cc. and 0.1 cc., against undiluted 
water extracts of chicken tumor and aluminum supernatant fluid, and also with 
these two antigens diluted 1:10 and 1:5. 

The 11 anti tumor extract sera, in both amounts tested against the imdiluted 
extract as antigen, gave complete fixation, but there was no fixation with this 
antigen when diluted or with the undiluted or diluted aluminum supernatant fluid 
used as antigen. The 21 anti aluminum supernatant fluid sera gave no fixation 
with aluminum supernatant fluid, but did with undiluted water extract of the tumor. 
The anti gelatin supernatant fluid sera and anti gelatin precipitate sera gave no 
fixation with the aluminum supernatant fluid, but 4 out of 9 of the former and 3 of 
the latter did give fixation with the imdiluted water extract of the tumor. 

It is evident from these results that there is not a sufficient amount 
of the antigenic factor present in the aluminum supernatant fluid to 
interact with the antibody and fix the complement. Yet, by the only 
test available, namely tumor production in chickens, the concentration 
of the tumor agent in the aluminum supernatant fluid is almost equal 
to that in the tumor extract as such. • Therefore, it would seem that 
the antibody against the tumor agent is not demonstrable by the 
complement fixation test. 


DISCUSSION 

The interpretation of the results reported here offers some diffi- 
culties, in that there is no very close analogy with the antigenic 
properties of known disease-producing agents. It seems plain that 
the precipitins stimulated in rabbits by the injection of the intact 
tumor extracts are developed against the incidental proteins of the 
tumor and have no essential association with the antibodies capable 
of neutralizing the tumor-producing activity of the etiologic agent. 
The most effective neutralizing sera were those developed against the 
purified agent practically free from protein, and these sera showed no 
demonstrable precipitins or complement-fixing antibodies. This sug- 
gests the type of immune bodies developed against certain toxins and 
recalls the discussion as to whether precipitins in antitoxic (14) and 
anti enzyme sera are not incited by contaminating proteins. In the 
latter case the question seems to be answered by the work of Kirk and 
Sumner (15)' who have found a parallel development of precipitins 
and neutralizing antibodies to crystalline urease, a result which might 
have been expected as the enzyme in this case is a protein according 
to these authors. 
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The failure of the more highly purified agent to induce any demon- 
strable antibodies, in our opinion, is probably not attributable to the 
reduction in concentration. There is no doubt that some of the agent 
is lost in each step in purification, but this loss must be small for there 
is no evidence of reduction in tumor-producing power, a property 
which is definitely influenced by comparatively slight dilution. An 
analogy suggested by this result is the failure of the purified specific 
substance of pneumococci to induce antibodies, but this substance is 
definitely precipitable in even very high dilutions with the antisera 
developed to the type pneumococci (16), while with the purified tumor 
agent there is no such reaction with the sera of animals immunized 
with the full tumor extract. 

In contrasting the antigenic properties of the chicken tiunor agent 
with those of the viruses, perhaps the most striking difference is the 
comparative ease with which neutralizing antibodies for the tumor 
agent can be developed in non-susceptible species and the doubtful 
results obtained with most of the viruses under similar conditions. 
In fact with many viruses, notably vaccine virus, protective antibody 
development is not only limited to susceptible species but it is doubtful 
if they develop then in the absence of an actual infection with manifest 
lesions of the disease (17). 


SUMMARY 

The injection of tumor extracts and their active protein fractions 
into rabbits induced the formation of precipitins and neutralizing 
antibodies. When the major portion of proteins in the tumor extract 
had been eliminated it induced the formation of neutralizing anti- 
bodies, but not of precipitins. The tumor agent, more highly purified 
by removal of the viscous fraction, did not induce precipitins, and only 
2 out of the 15 sera gave any evidence of neutralizing bodies. After 
the removal of the major portion of protein, the extracts showed in- 
sufficient interaction with the sera to fix complement. 
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TYPHUS FEVER 


IV. Further Observations on the Behavior oe Rickettsu 
pRowAZEKi IN Tissue Cultures 

By HENRY PINKERTON, M.D., and G. M. HASS, M.D. 

{From the Department of Pathology, Harvard Medical School, Boston) 

Plate 6 

(Received for publication, March 29, 1932) 

In a previous article (Paper III of this series) (1) we described a 
technic for the propagation and morphological study of Rickettsia 
prowazeki in tissue cultures. Although definite evidence of the multi- 
plication of the organism was presented in this publication, we foimd 
that our cultures regularly became non-infectious and histologically 
Ricketlsia-iiee on or before the 12th day in vitro, in spite of continued 
good growth of the cells. In one group of cultures, however, extremely 
heavy infection of the majority of cells present was found on the 16th 
and 21st days in vitro. Since this group of cultures was incubated at 
a lower temperature than the others, (30-34°C., instead of 37°C.) a 
systematic study of the effect of temperature on the multiplication 
of the organisms was undertaken. These experiments are published in 
a separate article (Paper V of this series) (2). They show that a 
temperature of approximately 32°C. is optimum for Rickettsia growth 
under these conditions, and explain our previous difficulty in carrying 
the infection beyond the 12th day. 

Technic 

In addition to the change in the temperature of incubation, the following changes 
from the technic described in Paper III have been adopted. 

1. Extract of normal spleen from a young guinea pig (200 to 300 gm.)*has been 
substituted for embrj^onic extract. 

The spleen is removed aseptically, placed in about 20 cc. of Tyrode’s solution 
and cut into ten or twelve pieces, with the scissors. Most of the blood is washed 
out by this procedure. The fragments are then transferred to a sterile centrifuge 
tube and thoroughly crushed by means of a glass rod, having a diameter about the 
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same as that of the narrowest part of the lower portion of the tube. 10 cc. of 
Tyrode’s solution are then added to the tube and the pulp is thoroughly mixed 
with the fluid by stirring. After centrifugalization the straw-colored and ver>' 
slightlj’' cloudy fluid is drawn off and stored at low temperature. 

2. The splenic extract described above has been diluted with an equal volume 
of distilled water before use. 

Splenic extract was adopted chiefl}' because it is easier to make. Cultures 
grow more slowly than when embryonic extract is used, but remain in good condi- 
tion without transfer for a longer period of time (up to 21 days when grown at 
32°C.). This slowing down of the rate of growth and degeneration undoubtedly 
favors the multiplication of the organism. 

The reduction in tonicity of the extract by adding equal parts of distilled water 
makes the final tonicity of the cultures about 25 per cent below normal. Evapora- 
tion before and after sealing the cultures probably compensates to a large extent 
for this dilution. After the air in the Petri dishes becomes saturated with moisture 
at the temperature of incubation, no further evaporation appears to occur. 

Staining of sections was done by the Giemsa method. 

Description of Cultures at Various Ages 

By sectioning a large number of cultures at different intervals after 
planting, we have obtained data concerning the progress of the infec- 
tion in cultures growing slowly at 32°C. With the elimination of 
variables in technic, quite uniform and consistent results have been 
obtained. In 81 out of 86 cultures sectioned histologically on or after 
the 10th day in vitro, the infection has been so voluminous that dis- 
tended cells could be easily identified with low power magnification. 

3 to 4 days . — Cultures of this age always showed less than five infected cells per 
section. In some instances there may not have been anjj^ increase over the number 
of infected cells present in the original exudate. Since, however, we have fre- 
quently found three or four infected cells per section when smears of the exudate 
showed only a rare infected cell after IS to 20 minutes’ search, it is probable that 
some multiplication occurs almost from the outset. Most of the infected cells at 
this stage contained diplobacillary forms like those seen in the original e.xudate. 
Cells lightly infected with the thread form of the organism were occasional!}’’ found 
at the growing edge of these early cultures, however. This also indicates that 
multiplication of the organism has begun, since these tliread forms have not been 
found in the original exudate. 

Inoculation of single cultures of this age intraperitoneally into guinea pigs almost 
invariably produced typical typhus with the diaracteristic scrotal sac and scrotal 
involvement. The incubation period (6 to 8 days) was about the same as that of 
the infections produced by injection of single fragments of e.xudate immediately 
after floating in Tyrode’s fluid. 
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7 lo 8 Days . — ^In cultures fixed on the 7th and 8th days, infected cells ranged 
from six to fifty per section and the heavily infected ones often stood out clearly 
imder the low power lens. Under oil immersion, these heavily infected cells were 
found packed with organisms which stained sharply and fairly deeply, ranging in 
color from bluish purple to reddish purple. In imdifferentiated sections, isolated 
groups of organisms occasionally were stained blue but usually they were purple, 
even when the nuclei, cytoplasm and fibrin clot were all a bright clear blue. In 
these heavily infected cells, the organisms were morphologically like those seen 
in the original exudate. Many lightly infected cells were present at this stage, 
however, and in these cells the organisms appeared larger and tended to grow in 
long chains and in what appeared to be solid threads. Chains of fifteen to twenty 
individual bacilli were not uncommon. These chains were often curled because 
they were longer than the cells in which they were enclosed and occasionally 
measured as much as 30 microns in length. These long chains of relatively large 
bacillary forms were definitely associated with lightly infected and “healthy” 
appearing young cells and were most numerous at the growing edge of cultures 
showing many mitotic figures. Inoculation of these 7 day cultiues intraperi- 
toneally into guinea pigs produced a typical reaction. Incubation periods ranged 
from 3 to 6 days, indicating that Rickettsiae were more numerous than in the 3 and 
4 day cultures. (The dependence of the incubation period on the number of 
Rickettsiae injected was pointed out in Paper I of this series (3).) 

13 to 18 days. — ^The great majority of the cultures of this age group have shown 
practically unrestricted multiplication of the organism. By this we mean that 
more than half (often as many as 99 per cent) of the cells in the cultures were 
infected. Of these infected cells, 10 to 15 per cent were usually so heavily infected 
that they stood out under low magnification as large, usually rounded, deeply 
stained, pmple structures, ranging up to 60 micra in greatest diameter. They 
could be clearly seen with a lens magnif 3 dng ten diameters. The appearance of 
these swollen cells, tightly packed with Rickettsiae was quite striking (Figs. 1 
and 2). In the most distended and heavily infected cells, the individual organisms 
often could not be resolved centrally but were clearly seen peripherally (Fig. 2). 
These structures often had the appearance of bacterial colonies but on close inspec- 
tion it was obvious that their size was limited by the extent to which individual 
cells could be distended without rupturing. These colony-like structures were 
often spindle or irregularly star-shaped (corresponding to the shape of growing 
cells) and even when their position with reference to the cells might otherwise be 
questioned, their characteristic shape and the fact that they had sharp edges (as 
though bounded by cell membranes) established their intracellular location. 

In cultures of this age, and to a lesser degree in the 7 day cultiues, occasional 
masses of Rickettsiae were seen which did not have a sharp edge and were not 
apparently confined uithin cell membranes. We interpret these structiues as 
ruptiued or autolyzed cells from which the cj'toplasm had disappeared or become 
disseminated, leaving the organisms in a naked mass. It is noteworthy that such 
free lying masses of organisms almost invariably showed morphological changes 
which we associate aith conditions unfavorable to them. The indivddual organ- 
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isms were globular or granular (with marked variation in size but tending to 
minuteness) and stained more deeply. They also were somewhat more eosin- 
ophilic than the vegetative bacillarj’’ forms. 

Rarety at this stage small clusters of sharply outlined bacilli were found appar- 
ently free in the fibrin clot, but such observations w'ere infrequent and organisms 
were never seen in tlie fibrin clot at a distance from the tissue. Study of cultures 
at this stage led to the conclusion that the fibrin clot outside of the cells was a 
verj’- unfavorable medium for the organism and that its life was brief when it lost 
the protection afforded by the interior of the cells. 

The heavily infected cells at this stage w'ere found chieflj’^ in the central parts of 
the cultures where growth was slow and these cells usuall}’- contained minute forms 
of the organism with a tendenc)’' to granular degeneration in those cells which 
appeared to be dead or d 3 dng. Peripherallj’^ the same picture of j'oung healthy 
cells, lightlj'’ infected witli larger rods and long chains, was found. 

Five guinea pigs inoculated with cultirres of this age (13 to 18 da 3 's) all reacted 
t 3 q)icall 3 ’’ with incubation periods of 3, 3, 4, 4 and 5 da 3 ’-s, indicating that Ricket- 
tsiae were numerous.^ 

26 to 36 Days. — Cultures of these ages (twent 3 '-eight in number) all showed 
about the same pictme as the 13 to 18 da 3 ’’ group. In several instances the cells 
were largely non-viable in appearance (p 3 '^knotic nuclei and heavi^ vacuolated 
cytoplasm) and the Rickettsiae were correspondingly more gramdar in appearance. 
In the majority of cultures in this age group, however, mitotic figures were abun- 
dant and healthy cells containing rod-shaped Rickettsiae predominated. The 
presence of large numbers of viable Rickettsiae at this stage is attested by the 
fact that three guinea pigs inoculated (from two different groups of cultures) on 
the 35th and 36tli da 3 's, reacted in a typical manner after incubations of 3, 2^ 
and 4 days. 

42 to 52 Days. — Three cultures have been sectioned on the 42nd, two on the 45th, 
one on the 51st and four on the 52nd da 3 ^ In the 42 da 3 ’- cultures, the cells were 
mostly non-viable in appearance and mitotic figures were ver 3 ’- rare. (The growth 
energy of the cultures appears to decrease after the first 3 weeks, possibl 3 ' because 
of the heavy infection, but we think not entirety for this reason.) In these cultures 
practically every cell was heavity infected but vegetative forms (sharpty outlined 
rods) were in the minorit 3 \ Many of the cells W'ere wdthout visible nuclei but 
heavity laden with Rickettsiae. One guinea pig inoculated with two 42 da 3 " cul- 
tures reacted positivety and t 3 "picalty with an incubation period of about 48 hours. 
Smears of the scrotal sac exudate from tliis animal showed unusuall 3 '^ numerous 


1 An incubation period of 3 da 3 ^s is achieved rarely by inoculation with scrotal 
sac exudate, onty w'hen the entire exudate (about 0.5 cc.) is injected and only when 
this exudate is unusually rich in organisms. These cultures, having a volume of 
about 0.3 c.mm. may be assumed to contain about the same number of Rickettsiae 
as 500 c.mm. of tlie most heavily infected scrotal sac exudate. 



ceUs ^ 

S-- ‘ '"*■ ~ - set 

<3uite 

, Tie a a,y culte™ "■“ i"' recoried). '“” “ »■><>« 3d loms (Se 

{r .... 

3T)ical reaction with an inr vf remaining cultnr ^°°‘^^fed with 

Dg cuJtures in this groun of 4 days TT f ‘developed 

»'«*»« rfO„ •” '"“''“^■“Jtnres. 

attemnf I, u ^ ^ ^’een able f 

from animal S tS ‘° conserve th • • ‘^o^Pare the 

-stetee SIS --s^SSf S 


136 


TYPHUS FEVER. IV 


morphological picture with the virulence. The accuracy of this 
method depends upon the degree of variation between individual cul- 
tures of the same group, but we have never found marked differences 
in this respect. 

The incubation period is definitely correlated with the number of 
visible Rickettsiae in sections (see Table I in Paper V (2)). In one 
instance (mentioned above) the injection of two cultures which had 
been 45 days in vitro, resulted in a typical reaction (with marked 
scrotal swelling) after an incubation period of 36 hours. Two cultures 
from this same group, fixed on the same day, both showed unusually 
heavy infection histologically. 

In two instances a positive inoculation was obtained from a group 
which was histologically negative, but the incubation periods were 11 
and 14 days. In two instances also, animals which apparently did 
not react were found immune to subsequent inoculation. Since this 
same result is occasionally obtained by inoculation with 1 or 2 cc. of 
blood in routine transfers, it seems reasonable to ascribe it to an 
insufficient dosage of organisms rather than to altered virulence. 

The disease reproduced by injection of infected tissue cultures in 
the majority of instances differed in no way from that produced by 
inoculation of fresh scrotal sac exudate. The scrotal involvement 
was fully as severe and Rickettsiae were fully as numerous in the scrotal 
sac exudate. 

In one experiment, however, the disease was reproduced apparently 
without scrotal sac involvement. A summary of this experiment is 
given. 

Culture Group 81-10 was set out on Aug. 3 in the routine manner and incubated 
at 32°C. Cultures were washed and reembedded on Sept. 8, Sept. 17 and Sept. 22. 
CiUtures on these various dates were fixed and injected alwaj^s with positive results. 
On Oct. 9 (40 days in vitro) a single colony remained. The clot was partially 
liquefied because no transfer had been made for 17 days. The liquid portion of the 
clot was drawn off in a pipette and amounted to about 0.1 cc. This was divided 
into five equal parts, four of which were used to inoculate bacteriological culture 
media (with negative results). The remainder (about 0.02 cc.) was diluted with 
4 cc. of Tyrode’s solution and injected into a guinea pig. The temperature rose 
sharply to 105.2° on the 8th day and continued high for 5 days, without scrotal 
involvement. This animal was then killed. An enlarged spleen was found but 
the scrotal sac was entirely negative. The gross picture was that characteristic 
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of Old World typhus. Two guinea pigs inoculated -with 4 cc. of heart’s blood from 
this ari'mal both developed typical endemic typhus, with characteristic scrotal 
reactions and demonstrable Rickettsiae. 

The lack of scrotal reaction in this instance was probably the result 
of inoculation with a very small number of Rickettsiae, and does not 
necessarily mean that there was any alteration in virulence. 

On the whole the evidence seems conclusive that loss in virulence 
does not take place up to the 51st day in vitro. It seems probable 
that fuUy virulent Rickettsiae would persist at this temperature as 
long as the cells could be kept alive. We have had no instance in 
which infection, once established in a group of cultures (as proven 
histologically or by animal inoculation) has disappeared from that 
group except in case of death and disintegration of the cells. 

The correspondance between visible Rickettsiae and infectivity has 
been sufficiently complete to rule out the possibility of a virulent in- 
visible form of the organism under the conditions of these experiments. 

Infection of Normal Tissues in Vitro 

One definite method by which the infection spreads (by mitotic 
division of infected cells) has been described in Paper III (1). This 
observation has been repeatedly confirmed and Rickettsiae have been 
found in cells in all stages of mitosis. This method does not suffice, 
however, to explain infection of practically every cell present (a result 
which has been obtained with great regularity since adopting the new 
technic). Since only a few of the cells are originally infected (on the 
average of about one in a hundred) there could be no marked increase 
in the percentage of infected cells unless the uninfected cells were 
outgrown by the infected cells. Table I, however, shows that approxi- 
mately 40 per cent of the cells in mitosis were Rickettsia-ix&t, while 
only 8.5 per cent of the cells not in mitosis were Rickettsia-hee. 

It therefore seems necessary to assume that Rickettsiae are set free 
from one cell and gain entrance to others. This must also occur in 
vivo when scrotal sac exudate is injected intraperitoneally. 

In an attempt to obtain information on this point, we have culti- 
vated normal tissues (striated muscle, lung, spleen and kidney) along 
with cultures of the scrotal sac e.xudate. In some cases the normal 
tissue has been in contact with the exudate originally and in others 
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tlie two tissues have been so placed that the growing cells from each 
would intermingle. 

In the case of striated muscle which has been tested most thoroughly, 
we found heavy infection of what appeared to be sarcolemma cells in 
the late cultures (20 to 40 days in vitro) but no Rickettsiae were found 
in these cells in the earlier cultures. We have not been able entirely 
to rule out the possibility that these infected cells had grown around 
the muscle fibers from the exudate. The striated muscle cells do not 
grow but remain intact for 40 days or more. Rickettsiae were never 
found in the cytoplasm of these cells, even when they were in contact 
with heavily infected cells from the exudate for several weeks. Good 
growth of cells occurred in the cultures of lung, spleen and kidney. 


TABLE I 



Degree of infection 

Heavy 

Medium 

Light 

Empty 

Cells in mitosis 

12 

16 

51 

52 

i 

(9%) 

(12%) 

(39%) 

(40%) 

Cells not in mitosis 

62 

75 

60 

IS 


(28.5%) 

(35%) 

(28%) 

(8.5%) 


In the older cultures (21 to 40 days) an occasional infected cell was 
found along the edge of the normal tissue but we have never obtained 
a picture at all comparable to the unrestricted growth which occurred 
in the adjacent exudate. 

We are unable to explain why the infection spreads and involves 
every cell descending from the exudate but does not (to any consider- 
able extent) involve the cells descending from the normal tissues, 
in spite of prolonged contact between the two tissues. It seems possi- 
ble that this fact may be explained on the basis of the experiments 
reported in Paper II. This work showed definitely that Rickettsiae 
did not multiply or even persist in phagocj’-tic cells and that they did 
multiply voluminously in mesothelial cells. It suggested strongly 
tliat they were unable to multiply in fibroblasts. We have not been 
able to identify with certainty the cells present in our successful cul- 
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tures from the scrotal sac exudate. Phagocytic cells apparently do 
not persist and the cultures soon appear to be composed of cells 
morphologically consistent rvith either mesothehal cells or fibroblasts. 
Study of the explanted exudate fragments shows (aside from the 
macrophages and cells of the granulocytic and lymphatic series) only 
sheets of polygonal cells, closely fitted together and definitely resem- 
bling mesotheliiun rather than connective tissue. We believe therefore 
that om: cultures as a rule are pure cultures of mesothelium and think 
that this may explain the extensive multiplication of Rickettsiae in 
them and the failure of Rickettsiae to grow in the cultures of normal 
tissues, which are presumably largely fibroblasts. This theory is 
strengthened by the fact that we have in several instances noted heavy 
infection of pleural or peritoneal lining cells covering normal limg and 
spleen in cultures of 20 to 25 days duration. This problem requires 
further study. 

Behavior of Rickettsiae in Dividing Cells 

Organisms are commonly found in cells imdergoing mitotic division 
but are less numerous in such cells than in resting cells. This fact is 
brought out in Table I. Their behavior in dividing cells is interesting. 
They almost invariably assume a globular form and the cytoplasm 
arormd the dividing chromosomes is free from them. They usually 
become massed together along the cytoplasmic membrane, especially 
at the poles of the cells. Frequently they are present in clusters 
at each end of the cells, suggesting agglutination. Organisms in 
dividing cells are frequently stained blue but this is probably because 
of the lowered pH. These observations suggest that the dividing cell 
is an rmfavorable medium for the organisms (probably because of its 
acidity) but it seems probable that a certain number of organisms 
usually survive the process and multiply in the daughter cells when 
conditions are restored to normal. 

Typhus Rickettsiae have never been seen in nuclei, in spite of careful 
search. In heavily infected cells, the nucleus is often compressed or 
obscured, or, if visible, is recognized as a clear zone in the center 
of the dark purple mass of Rickettsiae in the cj^oplasm of the cell. 
This fact is in contradistinction to the beha\nor of spotted fever 
Rickettsiae (4). 
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Oxygen Requirements of Typhus Rickettsiae 

The voluminous multiplication of organisms described here has been 
obtained in cultures exposed to air within the Petri dishes. Whether 
oxygen gains entrance to the cells under such conditions in larger 
amounts than in living animals is problematical. The oxygen tension 
within living cells is generally believed to be practically zero. 

The technic used for obtaining anaerobiosis in the tissue cultures was 
as follows: 

The cultures were set out in Petri dishes in the usual way. They were then 
placed in a glass jar and the covers were partly raised to establish free communica- 
tion between the atmosphere of the Petri dishes and that of the interior of the 
jar. The covers were held in this position by small pyramids of plasteline. 
The glass jar was then sealed with the aid of wax and a brass cover having a single 
outlet and stop-cock. Evaporation was kept at a minimum by covering the 
bottom of the jar with wet absorbent cotton. Anaerobiosis was obtained by 
evacuating and washing out three times with hydrogen gas in contact with heated 
platinized asbestos. A solution made by adding 1 drop of methylene blue to 
5 cc. of broth without dextrose was placed in each jar as an indicator. Decoloriza- 
tion of this solution was always complete in 12 hours. 

Several groups of cultures proven to be heavily infected after 16 to 
36 days of growth in the usual way were put under the most perfect 
conditions of anaerobiosis at our command. The degree of anaero- 
biosis was checked by the decolorization of methylene blue. These 
cultures remained under anaerobic conditions for 8 to 12 days at 32°C. 
At the end of this time they were studied histologically and by inocu- 
lating guinea pigs. The majority of the inoculated animals reacted 
positively but with relatively long incubation periods (6 to 10 days). 
In four cultures studied histologically, relatively few intact cells and 
no cells of viable appearance were present. Rickettsiae of the globular 
or coccoid forms were numerous in many of the intact cells, but it was 
obvious that they were merely surviving under adverse conditions. 
No organisms were found in the fibrin clot at a distance from the tissue. 
Rickettsiae were only about one-twentieth as numerous as in the aerobic 
control cultures, in which the growth of cells continued. 

This experiment shows that factors other than oxygen tension are 
responsible for the multiplication of Rickettsiae within the cells and 
their lack of multiplication in the fibrin clot. (The clot presumably 



HENRY PINKERTON AND G. M. HASS 


141 


contains many of the chemical constituents of cytoplasm, since cells 
are continually disintegrating.) 

Reaction of Medium 

Groups of cultures have been set out in which the pH of the medium 
was altered both on the acid and on the alkaline side. Sodium hydrox- 
ide and hydrochloric acrid were added to the splenic extract in such 
amounts that the desired pH was effected when an equal volume of 
plasma was added. The pH of the final culture medium thus pro- 
duced was determined colorimetrically. Moderate growth of cells 
was obtained at a pH of 6 and at a pH of 8. In both ca^es, no effect was 
noted on the number of Rickettsiae found in the section or on the in- 
fectivity. The cultures were incubated only for about 6 days. It 
seems doubtful if such changes in pH of the medium exert any marked 
effect on the intracellular pH so that these experiments probably are 
of slight value. 

Relation of Typhus Rickettsiae to Metabolism of Host Cells 

Upon the addition of 1 drop of 1 per cent calcium chloride to cul- 
tures, growth of cells was, as far as could be determined, completely 
inhibited. After 17 days in vitro, however, many intact cells were 
present and the majority of cells appeared not to have undergone 
necrosis. Cultures of this group were as heavily infected as those in 
which the cells had multiplied. 

In some instances, also, heavily infected cells were found in cultures 
grown for 2 weeks at 26°C. in which there had apparently been no 
growth of cells. 

As mentioned above, heavily infected cultures became non-virulent 
and Rickettsia-ivee in 7 days in instances in which the cells did not sur- 
\rive transfer. Under anaerobic conditions which eventually cause 
death of the cells, there was a marked diminution in the number of 
Rickettsiae seen in sections and an increase in the incubation period of 
the reproduced infection, as compared with the controls. 

It appears therefore that typhus Rickettsiae require for their propa- 
gation and survival, cells in which metabolism is taking place. They 
grow and persist in cells which are living and multiplying and in cells 
which are merely kept alive, men cells die, however, they appear 
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to remain visible only slightly longer than the degenerating cytoplasm 
and nucleus of the dying cells. 


SUMMARY 

In tissue cultures grown at 32°C., typhus Riclicitsiae increase rapidly 
within the cytoplasm of infected cells up to about the 14th day. At 
this time practically every cell is infected and the majority of cells are 
distended with organisms. 

This condition remains constant as long as successful cultures of the 
cells can be maintained (up to 52 days). 

Loss in virulence does not take place during this period in vitro. 
The number of Rickettsia-fi\\.&& cells found in sections and the incu- 
bation period of the infection resulting from inoculation of cultures 
from each age group are definitely correlated. 

The behavior of typhus Rickettsiae in dividing cells is described and 
methods of spread of the infection other than by mitosis of cells are 
discussed. 

Normal tissues do not become infected in vitro to any considerable 
extent in spite of prolonged proximity to heavily infected cultures of 
scrotal sac exudate. 

Complete anaerobiosis and alterations in pH do not alter the intra- 
cellular location of the organism in tissue cultures. 

The organisms are not seen within nuclei of infected cells. They 
remain intact and infective for several weeks in cells which are kept 
alive but not multiplying. They disappear in less than 1 week, how- 
ever, when the cells undergo degeneration. 
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EXPLANATION OF PLATE 6 

All illustrations are from paraffin sections of tissue cultures fixed in Regaud’s 
fluid and stained by the Giemsa method. 

Fig. 1. Low power view of a tissue culture heavily infected witli typhus Ricket- 
tsiae, on the 45th day in vitro. The dark structures (one of which is outlined) 
are colony-like masses of Rickettsiae within distended cells. X90. 
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Fig. 2. High magnification of the field within square outlined in black ink in 
Fig. 1. The individual organisms in the center of the distended cells cannot be 
resolved but definite organisms are seen peripherally. X1200. 

Fig. 3. Young growing cells lightly infected with thread forms of Rickettsiae. 
From a culture 51 days old. X1200. 

Fig. 4. From an infected culture on the 52nd day in vitro. The cells are largely 
disintegrated. Rickettsiae lie free in the plasma but are still concentrated in the 
remaining cytoplasm of intact cells. Organisms have diffused into the surround- 
ing fibrin clot, but are present there in relatively small numbers and are evidently 
not multiplying there. X 1200. 
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At 41° growth was uniformly excellent and even more rapid than 
at 37.5°. Transfers at 6 day intervals seemed sufficient, however, to 
maintain the cells in good condition. 


Growth of Rickettsiae 

In Table I, isolated results have been taken from five different 
experiments and tabulated with reference to the number of days in 
vitro. The cultures having the same number all belong to the same 
group. For example. Cultures 101-1, 101-2, 101-3 and 101-4, were all 
set out on the same day from the same material and differed onty in 
the temperature at which they were incubated. The results are shown 
graphically in Chart 1. The criteria for infection of inoculated guinea 
pigs were (1) a febrile reaction, (2) scrotal swelling and redness with 
palpable adhesions in the scrotal sac, (3) exudate in the scrotal sac 
and (4) the presence of Ricketisia-Slled cells in this exudate. If 1 and 
2 were definitely present, the animal was killed and the positive reac- 
tion was confirmed by 3 and 4. Animals in which no fever or scrotal 
reaction occurred within 25 days, or in wliich only a slight and doubtful 
rise in temperature was observed without involvement of the scrotum 
or tunica were reinoculated with an adequate dose of fresh scrotal sac 
exudate, together with controls. 

For tabulating the histological appearance of the cultures, an arbi- 
trary system was adopted as follows: 


0 

(+) 

+ 

+(+) 

+ + 
++(+) 

+ + + 
-i--b+(+) 
-}- + + 4 ' 


No Rickcllsiac found in J hour search. 

Rare infected cells. 

1 to 5 infected cells per section. 
Intermediate between + and + +. 

25 to 50 infected cells per section. 
Intermediate between -}--+• and 
Infection of 50 per cent of the cells present. 
Intermediate between -b-f+ and -b-b-b-t-. 
Infection of practically every cell present. 


The illustrations accompanying Paper IV (published simultaneously 
with this paper) show the appearance of the very heavily infected 
cultures (-{-4-4-4-). 

Table I and Chart 1 show that the organisms disappeared quite 
rapidly from cultures grown at 41° and 37.5°. At 26° more variable 
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(37.5° and 41°C.) on the multiplication of the organism is exerted 
indirectly, by stimulation of the defence mechanism of the cells. 
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the latter disease no exudate is present in the scrotal sac and one 
must rely upon the presence of Rickettsiae in the vascular lesions in 
the fragments of tissue used as explant material. Anotlier advantage 
of this strain is that the presence of Rickettsiae can be easily confirmed 
by making smears of the exudate so that the most desirable material 
for setting out cultures may be selected. 

Material and Methods 

Membraneous exudate from the scrotal sac on the 2nd or 3rd day of fever was 
floated in Tyrode’s solution, cut into small fragments and explanted, using the 
technic previously described for similar experiments with typhus Rickettsiae (2, 3). 
The cultures were incubated at 32°^ and transferred usually every 6 or 7 days. 
The cultures w'ere carried on for varjdng lengths of time ranging up to 32 days. 
At intervals certain cultures of each group were fixed and stained by the technic 
previously described and others were injected into guinea pigs for vinflence tests. 
The cultures for injection, together wdth the fibrin clot in which they were em- 
bedded, were picked up with forceps and floated in 4 cc. of Tyrode’s solution, 
taken up into a syringe with a needle of large calibre and injected intraperitoneally. 
They were then taken up into a syringe with a needle of large calibre and injected 
intraperitoneally, taking care in each case that the culture did not adhere to the 
sides of the syringe. (By holding the syringe against a dark background during 
injection it was possible to see the culture disappear through the proximal end of 
the needle.) The cultures for histologic study were fixed in Regaud’s fluid and 
embedded in parafiin. Serial sections about 7 micra in thickness were stained by 
the Giemsa method. 


RESULTS 

The guinea pigs injected with cultures of various ages all reacted 
positively. It was noteworthy that a marked scrotal sac inflammation, 
resulting in palpable adhesions between visceral and parietal layers, 
occurred constantly in animals inoculated from the tissue cultures, 
whereas it was relatively rare in animals inoculated in the usual way 
with blood or scrotal sac exudate. This we ascribe to the higher con- 
centration of Rickettsiae in the tissue cultures. 

Large numbers of infected cells were found in paraffin sections of the 
cultures, and excellent morphological pictures of the intracellular 
parasites were obtained. In several cultures, more than half of the 

^ In a recent publication (5) it is shown that the temperature of incubation has a 
marked influence on the multiplication of tj'phus Rickettsiae in tissue culture. 
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SPOTTED EEVER. I 


SUMMARY 

Spotted fever infection has been studied in tissue cultures grown at 
32°C. The behavior of spotted fever Rickettsiae is compared and 
contrasted with that of t 5 rphus Rickettsiae under similar conditions. 
The spotted fever organisms multiply extensively in the nuclei of 
cells where they form spherical clusters of various sizes. These struc- 
tures are compared and contrasted with intranuclear inclusion bodies. 

Note . — ^After preparing tliis paper for publication, similar results 
were obtained from the strain of “Eastern spotted fever” isolated by 
Rumreich, Dyer and Badger (10). Cultures from guinea pigs reacting 
to this strain were set out both from the scrotal sac and from the spleen. 
In both cases the cultures became heavily infected with Rickettsiae 
on the 11th and 18th days and the organisms were massed within 
nuclei in this strain also. This is evidence of the essential similarity 
of the two strains, and additional evidence that both belong in the 
spotted fever group. 
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EXPLANATION OF PLATE 7 

Fig. 1. All cells are from a single paraffin section of a tissue culture of infected 
scrotal sac exudate from a guinea pig reacting to spotted fever. Five of the cells 
are from a single field, while the others have been selected from other parts of the 
section to show more completel}'^ the morphological range. The ratio of cyto- 
plasmic to nuclear infection is about the same as tliat in the section as a whole. 
The cultures were fixed in Regaud’s fluid and embedded in paraffin. Serial sec- 
tions about 7 micra in thickness were stained by the Giemsa method. XlSOO. 

Note especially the cells in the upper left and lower right corners, in which indi- 
vidual organisms cannot be resolved. The resemblance of the structures in these 
cells to inclusion bodies is striking. 
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STUDIES ON INFLAMMATION. VIII 


sisting of material brightly stained with eosin in which degenerated 
leucocytes are found (Fig. 6, Experiment 9, Table I). A section of 
the omentum when graphite has been injected intraperitoneally about 
18 hours after the onset of the inflammatory reaction shows the bulk 
of this material distributed within the strands of a coarse fibrinous 
network (Fig. 7, Experiment 9, Table I) ; there is no sign of graphite 
in the thrombus occluding the retrosternal lymphatic (Fig. 6). 

3. When concentrated urea is injected into the peritoneal cavity 
either simultaneously with or following an inflammatory irritant, the 
lumina of the restrosternal lymphatics appear either unoccluded (Fig. 
2, Experiment 3, Table I), or only partially obstructed by fibrinous 
strands (Fig. 5, Experiment 12, Table I). Frequently a network of 
fibrin is seen at the periphery of the lumen, the central area of the 
latter being left clear. Although relatively few leucocytes are seen 
within the delicate reticulum, graphite particles often appear in 
its meshes. 

Sections through the omentum of animals that have received 
aleuronat and urea intraperitoneally usually reveal the presence of 
pronounced congestion, capillary dilatation, and some areas of extra- 
vasated red cells but in contrast to the findings in animals that have 
been treated with aleuronat and distilled water, there is no marked 
fibrinous network. Only occasionally are a few fragments of fibrin 
seen within tissues infiltrated with polymorphonuclear leucocytes. 

A comparison of the above histological picture with the results 
obtained on the dissemination of graphite to the retrosternal lymph 
nodes, as listed in Table I, shows an interesting correlation. When 
the particulate material is injected into a normal peritoneal cavity 
it accumulates to a very large extent in the nodes (+ + +), and the 
lumen of the afferent retrosternal lymiphatic remains unobstructed 
(see Fig. 1, Experiment 5, Table I). 

When graphite is introduced into a peritoneal cavity previously 
treated with aleuronat and distilled water, none of this material 
penetrates to the lymph nodes (0), and the lumen of the retrosternal 
lymphatic is completely occluded by a thrombus characterized by 
many leucocytes within a delicate fibrinous network (see Figs. 3, 4, 
and 6, Experiments 5 and 9, Table I). 

However when graphite particles are injected into a peritoneal 
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STUDIES ON INFLAMMATION. VIII 


an area of inflammation treated with concentrated urea should allow 
the penetration of a dye injected at its periphery. 

On the shaved abdominal skin of a white rabbit intracutaneous injections were 
performed in two distinct areas as follows: (1) 0.4 cc. of 50 per cent urea followed 
by 0.2 cc. of an infusion broth suspension of Staphylococcus aurciis) (2) 0.4 cc. of 
distilled water followed by 0.2 cc. of the same bacterial suspension. After a 
variable interval of time 0.8 cc. to 1 cc. of 1 per cent tr 3 'pan blue was injected in 
several points around each inflamed area and also at the periphery of a normal 
skin area. After several hours the areas were e.\amined for the presence of dye. 
In two of the experiments the areas were treated with concentrated urea alone. 


TABLE IV 

Paiclration of Trypan Blue into Inflamed Cniancous Area Treated 7oith Urea 
When Dye Is Injected at Its Periphery 


Experiment 

No. 

Interval between 

Total duration 
of infl.ammation 

Penetration of dye into area treated with 

injection of irritant 
and that of dye 

Urea alone or 
urea followed by 
Siapli. aiireiis 

Distilled HiO 
followed by 
Slaph. aureus 

Normal area 

1* 

lirs. : min. 

2 : 25 


Trace 


Trace 

2* 

2 

32 

4 : 34 

-1- 


-k 

3 

3 

35 

7 : 15 

+++ 

Faint trace 

-k-k+ 

4 

3 

56 

20 : 00 

-f-f-k 

0 

-k+ 

5 

5 

00 

6 : 52 

++ 

0 

+ 

6 

5 

30 

6 : 30 

+ 

0 

+ 

7 

5 

35 

13 : 40 

+++ 

0 

-k 


* Urea used as sole irritant. In all other experiments urea injection imme- 
diately followed bj" that of broth suspension of Staph, aureus. 


The results presented in Table IV show that trypan blue failed to 
penetrate into areas that had received distilled water and bacteria. 
When, however, the inflammation had been induced by concentrated 
urea alone or combined with bacteria, penetration of the dye into the 
inflamed area readily occurred. These experiments extend the fore- 
going observations on the role of concentrated urea in preventing 
fixation at the site of inflammation. 

Concentrated Urea as an Inflammatory Irritant 

Experiments were set up to determine the effect of concentrated 
urea per se when injected into normal tissues. 
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TlTien SO per cent urea in small amounts (0.2 to 0.5 cc.) is introduced into the 
skin of a rabbit, the area immediately becomes congested in contrast to the initial 
blanching that occurs when, for instance, a suspension of Staphylococciis aureus 
is injected into the dermis. After a relatively short interval of time the urea- 
treated area becomes edematous and pin-point hemorrhages are frequentlj' seen 
on its surface. In the earlier stage hemorrhagic congestion is the striking feature 
of the reaction, whereas in the later stages (24 hours or over) the area exhibits 
typical hemorrhagic necrosis. Histological examination in the acute stage shows a 
great deal of edema with pronoxmced capillary' congestion and dilatation. Some 
capillaries display an interrupted endothelial wall with considerable extravasation 
of blood into the surrounding tissues. Fibrinous deposits are as a rule absent. 
In later stages polymiorphonuclears and mononuclear phagocydes are found in 
abundance. 

Concentrated urea is in itself a severe inflammatory' irritant rapidly 
injuring the capillary wall and allowing the escape of plasma and red 
cells into the extracapillary spaces. Immediately' after the introduc- 
tion of various high concentrations of urea into the skin, intravenous 
injection of trypan blue is rapidly followed by the accumulation of 
this dye in the urea-treated areas. A typical experiment is described 
in the following protocol. 

Rabbit 5-67. — ^At 11:40 a.m. 0.25 cc. of various concentrations of mea was 
injected intracutaneously in several areas of the abdominal and thoracic surfaces. 
The actual concentrations of urea injected were 50, 25, 20, 15, 10, 5, 1, 0.5 per cent, 
and finally distilled water. At 11:45 a.m. 10 cc. of 1 per cent trypan blue in 
saline was injected intravenously. At 11:49 a.m. areas injected with concentra- 
tions of urea ranging downwards from 50 per cent to 20 per cent were congested, 
whereas the areas with very low concentrations of urea and with distilled water 


Accumulation of Trypan Blue in Cutaneous Areas Treated with Urea 


Interval between intra- 
venous injection of 
trypan blue and accu- 
mulation of dye in 
urea-treated areas 


Concentration of urea injected, 

per cent 



50 

35 

20 

IS 

10 

5 

1 

0.5 

Distilled 

HtO 

min. 

2 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

4 

++ 

Trace 

Faint 

0 

0 

0 

0 

0 

0 

12 

++■{■ 

+ 

trace 

Trace 

0 

0 

0 

0 

0 

0 

33 

+-!-+ 

+ 

+ 

Faint 

0 

0 

0 

0 

0 

65 


++ 

+ + 

trace 

0 

0 

0 
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an area of inflammation treated with concentrated urea should allow 
the penetration of a dye injected at its periphery. 

On the shaved abdominal skin of a white rabbit intracutaneous injections were 
performed in two distinct areas as follows: (1) 0.4 cc. of 50 per cent urea followed 
by 0.2 cc. of an infusion broth suspension of Staphylococcus aureus; (2) 0.4 cc. of 
distilled water followed by 0.2 cc. of the same bacterial suspension. After a 
variable interval of time 0.8 cc. to 1 cc. of 1 per cent trj^pan blue was injected in 
several points around each inflamed area and also at the periphery of a normal 
skin area. After several hours the areas were examined for the presence of dye. 
In two of the experiments the areas were treated with concentrated urea alone. 


TABLE IV 

Penetration of Trypan Blue into Inflamed Cutaneous Area Treated with Urea 
When Dye Is Injected at Its Periphery 


Experiment 

No. 

Interval between 

Total duration 
of inflammation 

Penetration of dye into area treated with 

injection of irritant 
and that of dye 

Urea alone or 
urea followed by 
Staph, aureus 

Distilled H,0 
followed by 
Staph, aureus 

Normal area 

1* 

lirs. : min. 

2 : 25 

lirs. : min. 

4 : 38 

Trace 


Trace 

2* 

2 : 

; 32 

4 : 34 

+ 


+ 

3 

3 : 

: 35 

7 : 15 

+++ 

Faint trace 

+++ 

4 

3 : 56 

20 : 00 

+++ 

0 

++ 

5 

5 

00 

6 : 52 

++ 

0 

+ 

6 

5 

30 

6 : 30 

+ 

0 

+ 

7 

5 

35 

13 : 40 

+++ 

0 

+ 


* Urea used as sole irritant. In all other experiments urea injection imme- 
diately followed by that of broth suspension of Staph, aureus. 


The results presented in Table IV show that trypan blue failed to 
penetrate into areas that had received distilled water and bacteria. 
When, however, the inflammation had been induced by concentrated 
urea alone or combined v/ith bacteria, penetration of the dye into the 
inflamed area readily occurred. These experiments extend the fore- 
going observations on the role of concentrated urea in preventing 
fixation at the site of inflammation. 

Conceniraied Urea as an Inflammatory Irritant 

Experiments were set up to determine the effect of concentrated 
urea per se when injected into normal tissues. 
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WTien 50 per cent urea in small amounts (0.2 to 0.5 cc.) is introduced into the 
skin of a rabbit, the area immediately becomes congested in contrast to the initial 
blanching that occurs when, for instance, a suspension of Staphylococctis aureiis 
is injected into the dermis. After a relatively short interval of time the mea- 
treated area becomes edematous and pin-point hemorrhages are frequently seen 
on its surface. In the earlier stage hemorrhagic congestion is the striking feature 
of the reaction, whereas in the later stages (24 hours or over) the area exhibits 
typical hemorrhagic necrosis. Histological examination in the acute stage shows a 
great deal of edema with pronounced capUIarj' congestion and dilatation. Some 
capillaries display an interrupted endothelial wall ndth considerable extravasation 
of blood into the surrounding tissues. Fibrinous deposits are as a rule absent. 
In later stages poljmorphonuclears and mononuclear phagocj'tes are found in 
abundance. 

Concentrated urea is in itself a severe inflammator}’’ irritant rapidly 
injuring the capillary wall and allov/ing the escape of plasma and red 
cells into the extracapillary spaces. Immediately after the introduc- 
tion of various high concentrations of urea into the skin, intravenous 
injection of trj'pan blue is rapidly followed by the accumulation of 
this dye in the urea-treated areas. A typical experiment is described 
in the following protocol. 

Rahhit 5-67. — At 11:40 a.m. 0.25 cc. of various concentrations of urea was 
injected intracutaneously in several areas of the abdominal and thoracic surfaces. 
The actual concentrations of urea injected were 50, 25, 20, 15, 10, 5, 1, 0.5 per cent, 
and finally distilled water. At 11:45 a.m. 10 cc. of 1 per cent trj’pan blue in 
saline was injected intravenously. At 11:49 a.m. areas injected with concentra- 
tions of urea ranging downwards from SO per cent to 20 per cent were congested, 
whereas the areas with very low concentrations of urea and with distilled water 


Accumidalion of Trypan Blue in Cutaneous Areas Treated with Urea 


Interval between intra- 
venous injection of 
trypan blue and accu- 
mulation of dye in 
urea-treated areas 


Concentration of urea injected, 

per cent 



SO 

25 

20 
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15 

10 

5 

1 

0.5 

Distilled 

HjO 

min. 

2 

-f 
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0 

0 

0 

0 

0 

0 

0 
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Trace 
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0 I 

0 

0 
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+ 
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0 
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appeared blanched. Furthermore the dye had accumulated in the peripheral 
portions of the four congested areas containing the higher concentrations of urea. 
The relation between the concentration of urea used and the rapidity and degree 
of acciunulation of .the dye into the various skin areas is indicated by the preced- 
ing tabulation. 

In order to ascertain if possible the mode of action of a concentrated 
urea solution on the capillary wall several experiments were performed 
on the web of the pithed frog. Less than 10 seconds after the applica- 
tion of 50 per cent urea to the web the capillary circulation ceased and 
the vessels became packed with red cells. The rapidity of this effect 
is especiall}'- striking since only after several minutes did an irritant as 
highly potent as croton oil produce a definite change in the capillary 
circulation. It remains to be seen whether the effect of concentrated 
urea on the capillary wall is related to the protein-solvent action of this 
substance or whether it is a type reaction accompanying a powerful 
inflammatory irritant. 

Experiments were performed to determine the effect of a concen- 
trated urea solution by itself on the fixation of grapliite particles at 
the site of inflammation. 

10 cc. of 50 per cent urea was injected into the peritoneal cavity of a rabbit. 
This was followed several hours later by 3.5 cc. of diluted graphite ink. After a 
variable interval of time the animal was killed with ether. E.xamination of, the 
retrosternal nodes revealed extensive deposits of carbon. The results are listed 
in the following table. 


Rabbit No. 

Interval between 
injection of urea and 
that of graphite 

Total duration of 
inflammation 

Presence of graphite in 
retrosternal lymph nodes 


hrs, : min. 

hrs » ; min. 


3-68 

5 : 14 

6 : 32 

+++ 

3-72 

16 : 58 

19 : 26 

1 

+++ 

1 


Evidently graphite particles injected into an area of inflammation 
induced by concentrated urea alone disseminate readily to the tribu- 
tary lymphatic nodes. 

Histological examination of the retrosternal lymphatics revealed 
essentially no occlusion. A relatively narrow layer of fibrinous 
reticulum loaded with graphite particles within its strands could be 
seen in the peripheral portion of the Ijunphatic lumen as shown in 
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STUDIES ON INFLAMMATION. VIII 


area and are fixed there, it is quite probable that in the case of spec 
inflammation circulating antibodies may be concentrated at the 
of inflammation thus reinforcing the action of the leucocytes in ' 
posing of tlie irritant. 

Early fixation serves as the forerunner of the events whereby < 
posal of the foreign material occurs at the site of inflammation, 
circumscribing the irritant it gives an interval of time for the ler 
cytes to assemble for the purpose of phagocytosis. The initial bar 
caused by thrombosed ljunphatics and coagulated serum in the tis 
spaces of the inflamed area thus plays a definite role in immunity 
protecting the essential organs at the expense of local injury. 

CONCLUSIONS 

A concentrated urea solution effectivel}’’ dissolves fibrin. 

The injection into the peritoneal cavity of a urea solution (30 or 
per cent) together mth or after an inflammatory irritant (aleuron 
prevents wholly or in part the local fixation of graphite particles 
ferric chloride introduced subsequently. The histologic picture 
the retrosternal lymphatics explains how this comes about. When f 
dissemination of graphite to the retrosternal nodes occurs, the lun 
of the lymphatic vessel is unobstructed, whereas partial disseminati 
is accompanied by small fibrinous thrombi occluding the lumen 
part only. 

Trypan blue injected at the periphery of an inflamed skin a] 
treated with a concentrated urea solution and bacteria {Slaph. aurci 
penetrates readily into the area, whereas it fails to do so when int: 
duced around an inflamed area consequent on the injection of distil] 
water and bacteria (Staph, aureiis). 

Concentrated urea per sc is an inflammatory irritant. Graph 
particles injected into a peritoneal cavity previously treated wi 
concentrated urea penetrate freely to the retrosternal Ijnnphatic nodi 
the lymphatic vessel is relatively unobstructed. Trjqian blue inject 
into the circulating blood accumulates rapidly in cutaneous are 
almost immediately after the latter have been treated with concenti 
tions of urea ranging from 50 per cent down to 20 per cent. 

The results of this study furnish evidence, in addition to that alrea( 
provided, that fixation of foreign substances is primarily due 
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THE EFFECT OF LYMPHOCYTOSIS INDUCED WITH 
EMBRYONIC EXTRACT ON THE COURSE OF 
EXPERIMENTAL TUBERCULOSIS IN RABBITS 

By KENNETH C. SMITHBURN, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

(Received for publication, April 19, 1932) 

It has long been knomi that individual resistance to tuberculosis is associated 
with activity of the lymphoid tissues. Webb and Williams (1, 2) observed a 
direct relationship between the lymphocyte count and the extent and activity of 
the disease. Soon afterw'ard Webb, Williams, and Basinger (3) reported beneficial 
effects in clinical tuberculosis which they interpreted as due to the lymphocytosis 
induced by altitude and by passive hyperemia. Webb (4) then reported the ob- 
servation of phagocytosis of tubercle bacilli by lymphocj'tes in cockroaches and 
grasshoppers. At this time, however, no differentiation had been made between 
lymphocytes and monocytes in the classification of the blood cells. The work of 
Schilling (5) and Sabin (6) has since established the fact that the monocyte is a 
distinct cellular entity. More recent investigations (7-9) have shown that it is 
this cell, not the lymphocyte, which phagocytizes tubercle bacilli. Nevertheless, 
further work has confirmed the belief of Webb, Williams, and Basinger, that 
lymphocytosis is correlated with resistance to tuberculosis. Murph}’ and Ellis 
(10) observed increased susceptibility to this disease in mice, guinea pigs, and 
monkeys subjected to extensive destruction of lymphoid tissues by repeated doses 
of X-rays. Murphy and Sturm (11) then showed that animals exposed to dry 
heat respond with increased numbers of lymphocj'tes in the circulating blood. 
The mechanism of this response was explained by Nakahara (12). Murphy and 
Sturm (13) further reported increased resistance to tuberculosis in animals showing 
lymphocj'tosis induced by heat. This observation has been confirmed by Bick- 
ford and Smithbum (14) who used rabbits, but their results were less favorable 
W'hen guinea pigs were employed. The experiments of Murphy (15) tend to show 
that the state of lymphoid activity is the cause rather than the effect of resistance 
to tuberculosis. 

Cunningham, Sabin, Sugiyama, and Kindwall (16) first called attention to the 
monocyte-ljTnphocyte ratio as an index to the progress and extent of the disease. 
They found lymphopenia to be associated with poor resistance, and that the Ijm- 
phocj’tes in the circulation increase with an increase of resistance. That the state 
of tuberculous lesions in the tissues is not correlated alone with the number of 
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circulating monocytes was shown by Sabin, Doan, and Cunningham (17). The 
latter observations have since been repeatedly confirmed (18-22). 

Doan and Sabin (23) recently reported experiments in which they 
influenced the monocyte-lymphocyte ratio of tuberculous rabbits by 
bringing about decreased numbers of circulating monocytes, with tlie 
result that a greater number of the animals survived into the chronic 
phase of the disease. It seemed advisable to study further the effect 
of induced lymphocytosis on the course of experimental tuberculosis. 
The work of Wiseman (24) has made available a simple method of 
inducing lymphoid hyperplasia. In the present study this method 
has been applied to the problem of experimental tuberculosis in rabbits. 

EXPERIMENTAL 

Twenty-five rabbits were used in the experiments. A suitable control period 
was allowed during which studies of the blood cells were made at frequent intervals. 
All differential counts were made witli the supravital technique. Fifteen animals 
served as untreated tuberculous controls. Five animals received embrjnnic 
extract (24, 25) daily, beginning 14 days before inoculation, and in five others the 
injections were started 5 da 3 's after inoculation. 

The embr 3 '’onic extract was prepared in the following manner. Fertile eggs 
were incubated 7 days. The embrj'os were removed under aseptic precautions, 
crushed, and 3 cc. of freshly prepared physiological saline solution was added for 
each embrj^o. This suspension was then passed through sterile filter paper witli 
suction and injected immediately into tlie animals. Injections of tlie extract 
were given into the left ear vein dail)’- except Sunday, and in all instances except 
one they were continued until death. The amount of extract injected was that 
derived from one embrj'^o. In the case of R 1652 the last injection was given on the 
124th day of the disease. 

The organisms used for inoculation were from a 10 day subculture of bovine 
tubercle bacilli. Strain B-1, isolated bj^ Dr. Theobald Smith, which had been gronm 
on Petroff’s egg-gentian violet media. This strain is known to be virulent for 
rabbits. Each rabbit received 0.1 mg. (moist weight) of organisms suspended in 
1 cc. freshly prepared normal saline in the right ear vein. Inoculations were 
made in groups of fifteen and ten, specific untreated controls inoculated from the 
same suspension being included in each group. 

Studies of the blood were made once or twice weekly during the 1st month after 
inoculation, and once or twice monthlj' thereafter. Blood for counts was obtained 
from puncture of the marginal vein of the left ear. Autopsies were performed on 
all animals. The tissues were fixed in Helly's solution and the paraffin sections 
were stained with hematoxjdin and eosin. In addition, the lymph nodes from 
some of the animals were stained by the method of Giemsa. 
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treated animals showed an increase in lymphocytes to 5,500 on the 
day of inoculation. The number of lymphocytes continued to rise 
and reached a peak of more than 8,000 cells 9 days after inoculation. 
Thereafter a decline occurred but the treated animals continued to 
show higher average values for lymphocytes than the untreated 
tuberculous controls. 



Chart 2. Values for hemoglobin and red blood cells for the animals included 
in the second e.xperiment. Hemoglobin values are in per cent (Newcomer 
method) and red blood cells in millions per c. mm. The dates of inoculation 
and first injection of embrjmnic extract are indicated. 

On Chart 2 are recorded the values for hemoglobin (Newcomer) 
and red cells of the animals included in the second experiment. In 
this experiment the five animals received embryonic extract beginning 
5 days after inoculation. Here again the recorded values represent 
an average of the fused values determined on any one day. It will 
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R 1650 

days 

26 

++++ 

+ 

+ + 

R 1649 

29 

++++ 

+ 

1 

+ + + 

R Ifol 

31 

++ + 

- 

+ 

R 1648 

48 

+ + 

- 


R 1543 

53 

+ + 

- 

+ + 

R 1547 

56 

+++ 

++ 

+ 

R 1549 

68 

+++ 

++ 

+ 

R 1541 

79 

++ + 

+ + 

— 

R 1544 

113 

+ + + 

H — h+ 

- 

R 1652 

324 

++ 

+ + 

++ + + 



UnUcatcd I 


R 1653 33 ++++ - ++ ++ 


R 1S4S 39 + +++ + 


+ + ++ - 


R 1654 48 +++ ++ - 


R 1657 48 + + + + + 


++ ++ ++ + 


R 1553 56 +++ ++ + 


R 1545 67 +++ - 

R 1540 79 + + + + - 

R 1542 109 +++ ++ - 

R 1546 113 — 

R 1550 114 + + + ++ + 


+ 

+ — 


++ ++ + 


+ 

+++ + 


R 1551 141 ++ +++++++ — 1 ++ + — 


R 1656 146 — 

R 1554 149 ++ ++ + + + + ++ + 

R 1552 171 +++ +++ - + - 

R 1655 401 -1 — J- + + + “ ~ 


_ Diff. 
Tb. 

DifF. Di®' 


Diff. Tb. 
Tb. 

Tb. DM- 


Tb. 

Tb. 

Tb. 

Tb. P'®- 


Tb. 

Tb. Pi®- 


Tb. 

Tb. D‘®- 


Tb. P'®- 
Tb. 


Tb. 


In Table I are presented the pathological findings. All animals with numbers under 
e.\tent of tuberculosis in a given viscus, from slight to massive. Diff. indicates diffuse pro i 
Blank spaces indicate no tissue saved. — indicates no tuberculosis found. G.C. refers to wng 
the nodes. Lymph reaction to tb. indicates the extent to which tubercles in the various viscera 
• These are serial numbers of animals used in this laboratory covering a term of years. 
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Interesting observations were made in the study of the stained 
sections. As has been pointed out by Doan and Sabin (28) and more 
recently by Thomas (27), the animals dying in the early or acute 
phase of experimental tuberculosis show extensive, widespread, diffuse 
involvement of the bone marrow, lymph nodes, spleen, and lungs. 
Thereafter, as the above investigators noted, there is gradual regres- 
sion of the lesions in these organs; and throughout the disease signifi- 
cant changes in the blood cells occur which reflect the altered patho- 
logical picture. In Table I are recorded the distribution, character, 
and roughly the extent of the tuberculous lesions occurring in the vari- 
ous organs of the 25 rabbits in these experiments. The treated and 
control animals are arranged in this table in the order in which they 
died. The changing patliological picture of experimental tuberculosis 
described by Doan and Sabin and later by Thomas may be observed 
in the study of this table. It has also been observed that lesions in 
the testes and eyes tend to occur late in the disease; that renal lesions 
become more extensive as time goes on; that the adrenal and ovary 
are not frequently involved; that lesions in the liver are usually not 
extensive and often consist of isolated Langhans or rosette giant 
cells alone; and that generally speaking, tuberculous lesions in any 
organ are first diffuse, later becoming discrete and circumscribed. 

Attention has been called by several investigators to the early 
increase in circulating monocytes with progression of tuberculosis in 
the various organs. In addition to the gradual upward trend in the 
number of monocytes, frequently there are showers of these cells in 
the blood stream; and the monocytes in such instances are often 
modified or stimulated and approach epithelioid cells in appearance. 
A reasonable explanation for such a phenomenon has been observed 
in the study of stained sections from some of the animals dying in the 
early stages of this experiment. Rabbits R 1649, R 1651, and R 1654, 
which died on the 29th, 31st, and 48th days respectively, eacli showed 
intravascular tubercles in the vessels of the lungs, in one instance in 
an arteriole, in the others in veins. In a few of these intravascular 
lesions the epithelioid cells lay beneath the vascular endothelium; 
in other instances vascular endothelium was not to be seen, the tuber- 
culous tissue being exposed to the circulating blood. A few of the 
smaller veins in some of these sections were completely occluded by 
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tuberculous thrombi. It is quite possible, indeed probable, that 
some of these cells may be swept free in the blood stream and account 
for the highly stimulated forms of monocytes or even epithelioid cells. 
It is quite conceivable also that if a large clump of cells were swept 
into the blood stream as an embolus it might account for some of the 
deaths occurring early in the disease when thrombosis is present. 

Ropes (30) has shown that the columnar or cuboidal cells of tracheal 
and bronchial epithelium exhibit staining reactions similar to phago- 
cytic cells, and themselves possess phagocytic power. Three animals 
in this series, R 1548, R 1650, and R 1653, exhibited areas in the 
sections in which there was marked proliferation of bronchial epithe- 
lium and in which bronchial epithelial cells were apparently in process 
of fusion to form giant cells. The cytoplasm of the latter was foamy, 
giving the appearance of phagocytic activity. It will be noted that 
these animals died on the 39th, 26th, and 33rd days respectively, at 
times that is to say, when the extent of disease in the lungs was near a 
maximum. 

An effort has been made to estimate the state of activity of the 
lymph nodes on the basis of the numbers of young l 3 miphocytes in 
the sinuses, cords, and follicles, the size of the follicles and the number 
of mitoses in them. These observations are recorded near the right 
side of Table I and, as can be seen, they bear no direct relation to the 
number of lymphocytes seen about tubercles (recorded in the next 
column), or to resistance. However, there is apparently a direct 
correlation between the activity of the l 3 Tnph nodes and the extent 
of tuberculosis in these structures. Indeed, it appeared as if the 
germinal centers of the nodes were the site of election for tubercle 
formation. 

In the lymph nodes the earliest involvement is exhibited by the 
presence of epithelioid cells in the peripheral sinuses. These cells 
are scattered diffusely and rarely occur in clumps forming tubercles. 
The germinal centers of the follicles next become involved, after which 
the lesions spread in all directions from the germinal centers. In 
numerous l 5 Tnph nodes the germinal centers alone are involved. 
Moreover, nodes which show the greatest hyperplasia, that is, the 
most reversion to the primitive cell t}q)e, show most extensive tuber- 
culosis in the germinal centers. It is as if the disease reaches the 
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lymph nodes through the l 5 Tnphatic vessels and, having gained access 
to the node, resides and progresses in the place where the primitive 
cells are most abundant. It seems reasonable, then, to suppose that 
the primitive cell which normally gives rise to the lymphocyte may, 
on occasion, differentiate into a monocyte or epithelioid cell and 
function as such. 

It is also interesting to note that the mesenteric nodes were the most 
frequently involved, which seems almost paradoxical in view of the 
observations of Forkner (29) that monocytes are rarely seen in these 
nodes from normal animals. In the present experiments tubercles 
were seen in 70 per cent of 51 l 5 Tnph nodes from animals treated with 
the embryonic extract, as against 49 per cent of 69 nodes from the 
specific controls. Since in young individuals there is greater activity 
of lymph nodes than in older persons, there appears to be some simi- 
larity between the lymphoid tuberculosis of the treated animals in 
these experiments and the tuberculosis of children, which most fre- 
quently involves the lymphatic system. 

It may be that when lymphocytosis is accompanied by increased 
resistance the age of lymphocytes is an important factor, or that lym- 
phocytosis is an incidental expression of some influence directly 
responsible for resistance. Further experiments are in progress, 
which it is hoped will elucidate these points. 

SUMMARY 

1. Chick embryo extract given intravenously did not favorably 
influence the course of experimental tuberculosis in rabbits, although it 
did cause lymphocytosis and lymphoid hyperplasia. 

2. The tuberculous animals treated with chick embryo extract 
showed lower values for hemoglobin and red blood cells than tubercu- 
lous controls inoculated from the same suspension. 

3. Under the conditions of these experiments an increase in the 
number of young, immature cells in the lymph nodes was accompanied 
by more extensive tuberculous lesions in the lymph nodes and espe- 
cially in the germinal centers of the nodes. A possible analogy to 
lymphatic tuberculosis in children is suggested. 

4. The observations of previous investigators on the progression 
and later regression of lesions in experimental tuberculosis have been 



KENNETH C. SMITHBtTRN 


183 


confirmed. The distribution, character, and extent of lesions have 
been studied and are presented in tabular form. 

5. The presence and significance of tuberculous thrombi in the 
lungs are discussed. 
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animals inoculated in June or September was similar to that observed in animals 
inoculated in December or January. Tlie}’^ were kept under uniform housing and 
dietarj' conditions, and during the period that the}'^ were in our animal liouse tliere 
were no acute infectious diseases of rabbits which assumed epidemic proportions. 
There were sporadic cases of severe snuffles, and some cases of pneumonia of 
undetermined origin. An occasional animal showed evidence of spontaneous 
encephalitis. The effect of these isolated instances of deaths due to accessory 
diseases, on the general study of mortality rates from tuberculosis is slight. 

The organism used was a strain of bovine type tubercle bacillus designated 
B-1 which has been cultivated on artificial media since its isolation from a bovine 
lesion by Dr. Theobald Smith in 1893. It has been virulent for rabbits during tlie 
6 years that it has been in use in this laboratory. The organisms were harvested 
from colonies grown on Petroff’s egg media and weighed directly. They were 
then triturated in 0.9 per cent sodium chloride solution and suspended so that the 
infecting dose was contained in a suitable quantity of fluid, 0.5 or 1.0 cc. All 
animals were inociflated in the marginal ear vein, the dose varjdng from 0.001 
mg. in the case of four animals up to 2.0 mg. In the past 2 years 0.1 mg. has been 
used as the infecting dose. 

During the course of the disease the animals were weighed and tlie temperature 
taken on the day the blood counts were made. The intervals between counts 
varied in the different groups but in general the animals were counted at weekly 
intervals for the first 2 months after inoculation and at 2 to 4 week intervals there- 
after. At deatli the animals were autopsied and blocks were saved from eacli 
organ for sectioning. 

The Rate of Mortality in Tuberculous Rabbits 

The mortality rate in a population subject to an acute infectious 
disease usually follows a course somewhat as follows: — 

There is at first a comparatively low rate of mortality which pre- 
cedes a period during wliich the mortality increases rapidly and reaches 
a peak; following tliis there is a decline in the rate of mortality whicli 
is less rapid tlian tlie increase prior to the peak. Wdien the total 
mortality of sucli a group is plotted against time, tlie curve assumes 
a sigmoid shape, skewed more or less toward the later time periods. 
This distribution of mortality is interpreted as reflecting the distribu- 
tion of susceptibility in the whole group. The early deaths are attrib- 
uted to tlie greater susceptibility of a portion of the population, the 
larger portion succumbing at or near the point of peak mortality 
representing the members of average resistance. 

In Fig. 1, the actual number of deaths per 15 day period is shoum 
for the group of 140 animals mentioned above. It is seen that there 
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were two definite peaks in the mortality rate, one occurring at the end 
of the 1st month, and the other occurring at the 5th month, with an 
intervening period at the end of the 3rd month, when the mortality 
rate was much lower than the general rate for the entire period. In 



Days a|tcp inoculation 

Fig. 1. Death rates during 15 day periods after inoculation in 140 tuberculous 
rabbits. 



Fig. 2. Total mortality of 81 rabbits which died under 100 days (Group I) and 
59 rabbits which died between 100 and 437 days (Group II). 


this series no deaths occurred in the period from 85 to 100 days. In 
Fig. 2, these data are rearranged so that the total mortality of each of 
the two groups of animals, i.c. those dying before 85 days and those 
dying after 100 days, is sho^^’n. The per cent of animals dead is 
plotted on the ordinate and the time after inoculation along the 
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animals inoculated in June or September was similar to that observed in animals 
inoculated in December or January. The}'^ were kept under uniform housing and 
dietary conditions, and during the period that they were in our animal house there 
were no acute infectious diseases of rabbits which assumed epidemic proportions. 
There were sporadic cases of severe snufBes, and some cases of pneumonia of 
undetermined origin. An occasional animal showed evidence of spontaneous 
encephalitis. The effect of these isolated instances of deaths due to accessory 
diseases, on the general study of mortalit}’’ rates from tuberculosis is slight. 

The organism used was a strain of bovine type tubercle bacillus designated 
B-1 which has been cultivated on artificial media since its isolation from a bovine 
lesion bj’’ Dr. Theobald Smith in 1893. It has been virulent for rabbits during the 
6 3 'ears that it has been in use in this laboratorjr. The organisms were harvested 
from colonies grown on Petroff’s egg media and weighed directl 3 ^ They were 
then triturated in 0.9 per cent sodium chloride solution and suspended so tliat the 
infecting dose was contained in a suitable quantity of fluid, 0.5 or 1.0 cc. All 
animals were inoculated in the marginal ear vein, the dose varying from 0.001 
mg. in the case of four animals up to 2.0 mg. In the past 2 3 '^ears 0.1 mg. has been 
used as the infecting dose. 

During the course of the disease the animals were weighed and the temperature 
taken on the day the blood counts were made. The intervals between counts 
varied in the different groups but in general the animals were counted at weekly 
intervals for the first 2 months after inoculation and at 2 to 4 week intervals there- 
after. At death the animals were autopsied and blocks were saved from each 
organ for sectioning. 

The Rate of Mortality in Tuberculous Rabbits 

The mortality rate in a population subject to an acute infectious 
disease usually follows a course somewhat as follows : — 

There is at first a comparatively low rate of mortality which pre- 
cedes a period during which the mortality increases rapidly and reaches 
a peak; following this there is a decline in the rate of mortality which 
is less rapid than the increase prior to the peak. When the total 
mortality of such a group is plotted against time, the curve assumes 
a sigmoid shape, skewed more or less toward the later time periods. 
This distribution of mortality is interpreted as reflecting the distribu- 
tion of susceptibility in the whole group. The early deaths are attrib- 
uted to the greater susceptibility of a portion of the population, the 
larger portion succumbing at or near the point of peak mortality 
representing the members of average resistance. 

In Fig. 1, the actual number of deaths per 15 day period is sho\vn 
for the group of 140 animals mentioned above. It is seen that there 
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were two definite peaks in the mortality rate, one occurring at the end 
of the 1st month, and the other occurring at the 5th month, with an 
intervening period at the end of the 3rd month, when the mortality 
rate was much lower than the general rate for the entire period. In 
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Fig. 1. Death rates during 15 day periods after inoculation in 140 tuberculous 
rabbits. 



Fig. 2. Total mortalit}' of 81 rabbits which died under 100 days (Group I) and 
59 rabbits which died between 100 and 437 days (Group 11). 


this series no deaths occurred in the period from 85 to 100 days. In 
Fig. 2, these data are rearranged so that the total mortality of each of 
the two groups of animals, i.c. those dying before 85 days and those 
dying after 100 days, is shown. The per cent of animals dead is 
plotted on the ordinate and the time after inoculation along the 
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abscissa. Both sets of values are plotted as logaritlmis. It is obvious 
that the mortality for the whole group of 140 animals is in reality the 
summation of . the mortalities occurring during two separate phases 
of the disease, and that in each instance the distribution of deaths is 
similar to that described above as typical of an acute infectious disease. 
The effect of these two separate mortality pressures has been evident 
in groups varying in size from 5 animals to 40. It has been seen also 
with all doses used save the 0.01 mg. and 0.001 mg., that a large dose 
resulted in a greater number of animals succumbing in tlie first phase 
of the disease, while a small dose allowed a greater number to survive 
the first phase. In the case of the animals which received 0.01 
and 0.001 mg., four in each case, all survived the first phase of the 
disease. 

It would seem therefore that if the resistance of rabbits to tubercu- 
losis initiated through intravenous inoculation is to be measured by 
the longevity of the animals inoculated, it must be expressed in terms 
of resistance to two distinct phases. The use of an average obtained 
by dividing the sum of all the da)’^s lived by the number of rabbits 
in the group, may be quite misleading, since the distribution of 
deaths in two groups might be significantly different and yet result 
in the same average. 

Differ ences in Lesions in the Two Phases 

The sections of 109 animals were found to be suitable for study. 
The extent and type of the lesions were noted and the findings were 
then grouped according to the longevity of the animal. The patho- 
logical picture during successive 15 day periods was then summarized. 

A . Lesions in the First Phase 

The Lungs. — K tuberculous pneumonia was found in almost ever}’’ animal that 
died during the 1st month after inoculation. The alveoli were filled with an e.xu- 
date made up of monocytic and epithelioid cells. The alveolar walls were thick- 
ened and showed monocytic cells in and adherent to them. There were some 
polymorphonuclear leucocj’tes and clasmatoc 3 des present. Exudation of red 
cells and fibrin was rarelj" noted. In the gross the lungs were of normal color, 
but did not collapse completely when the thorax was opened. The surface fre- 
quenth’ showed a number of small, pearly graj' tubercles, with translucent borders, 

1 to 2 mm. in diameter. On gentle pressure of the lungs a small amount of exudate 
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could be expressed from the trachea. Caseation of portions of the pneumonic 
tissue was seen at this time. In those animals which died between 13 and 
20 days, these lesions were quite pronounced; however, at the end of the 1st 
month many animals showed practically the whole lung consolidated with pneu- 
monia. During the 2nd and 3rd months the extent of the pneumonic involvement 
decreased steadily, and in those animals which died at the end of the 3 months 
only email scattered collections of epithelioid cells could be found. The classic, 
fully developed tubercle, formed of epithelioid cells and giant cells, enveloped by 
bmiphocj’tes and fibrous tissue, was rarely present in the 1st month; however, 
in the 2nd and 3rd months they were present in increasing number together with 
Langhans giant cells free in the alveoli. In Fig. 3, the occurrence of these various 
lesions has been plotted. The occurrence of tuberculous pneumonia, and of fully 



Fig. 3. The distribution in relation to time of various pulmonary’’ lesions. 

developed tubercles, is plotted as per cent for successive 15 day’ periods. No 
attempt was made to estimate the total extent of all types of lesions, as sections 
taken one from each lobe do not give sufficient data for such a comparison. It is 
seen that the incidence of tuberculous pneumonia decreases rapidly after the 1st 
month, while the incidence of fully developed tubercles increases steadily' from the 
1st month onward. It seems highly’ probable that the small amount of exudate 
found at the end of the 3rd month is in part residual, since the injection of dead 
tubercle bacilli intravenously is followed by the appearance of a caseous pneu- 
monia in a very’ short time, and small collections of epithelioid cells entirely’ similar 
to those mentioned above may persist in the lungs for as long as 60 days. It is 
probable that the infection with Imng, virulent organisms results in the pro- 
duction of large amounts of e.xudate in which bacilli are either killed or fail en- 
tirely to multiply and which is removed from the lung slowly. Any attempts to 
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estimate the state of activity of a particular lesion study of the histologic sec- 
tions alone must take this factor into consideration. 

The Spleen . — In the first 4 weeks the spleen was involved in almost ever}" in- 
stance. The extent of the monocytic and epithelioid cell reaction was greater in 
the spleen at this time than in any other organ. In many cases the normal his- 
tologic appearance of the organ was completely obliterated, both pulp and follicles 
being invaded. The weight of the organ was increased; the average weight of the 
spleen at this time was 3.2 gm. as against a normal average of 0.9 gm. In one 
instance the weight of the spleen was 17 gm., and section showed the entire organ 
to be filled with monocytes and epithelioid cells. Congestion of the spleen with 
blood was not seen. During the 2nd and 3rd months, however, the spleens ex- 
amined showed a marked diminution in the extent of the lesions, going on to com- 



Fig. 4. The distribution in relation to time of lesions of the spleen. 


plete healing in many instances. This process of healing did not seem to have 
taken place by the caseation of a large mass of the tuberculous tissue with fibrosis 
of the cavity formed, but by the elimination of the cells by absorption and possibly 
by phagocytosis by clasraatocytes. The epithelioid cells in these regressing lesions 
lost their staining reaction and their normal morpholog}"; the nuclei and cytoplasm 
both appeared degenerated and in many instances only faintly stained cell outlines 
could be made out. Lymphocytes and polymorphonuclear leucocytes were seen 
in and aroimd such areas, possibly aiding in the complete removal of such cells. 
In but a few instances localized tubercles were seen at the end of the 3rd month. 
In Fig. 4 the number of spleens in w'hich tuberculous lesions w'ere found is plotted 
and shows a steady decline after the 1st month. The number in which diffuse 
lesions were foimd is expressed in per cent and is seen to decline rapidly after the 
1st month. Small, localized tubercles consisting most often of a few epithelioid 
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cells or an occasional Langhans giant cell -were classed as lesions of a more chronic 
nature and their increase is shown in Fig. 4. 

The Bone Marrcrai . — The comrse of the tuberculous infection in the bone marrows 
of a large group of rabbits has been studied and reported by Doan and Sabin (2). 
They demonstrated that there were no significant changes visible in the marrow 
before the 8th day, when a definite infiltration with monoc)des and epithelioids 
was seen. At this time the fat was seen to be breaking up and disappearing, and 
from the 8th day on up to the end of the 4th week, the marrow showed an increas- 
ing amoimt of the diffuse epithelioid cell reaction. In a few animals that survived 
longer than 30 days, they reported a steady regression of the lesions to complete 
healing at the end of 3 months. 



In the present series of animals similar findings were noted in the marrows of 
those succumbing in the 1st and 2nd months. At the end of the 3rd month about 
half of the animals showed no tuberculous involvement of their marrows what- 
ever, while the remainder revealed varjdng numbers of small, definitely localized 
tubercles scattered throughout the tbsue. These relations are shown in Fig. 5. 

The Lymph Glands . — In the 1st month after inoculation, almost every' lymph 
node showed tuberculous involvement. The lesions consbted of a diffuse in- 
filtration of the entire node with monocytes and epithelioid celk. Caseation was 
found in a considerable niunber. During the 2nd and 3rd months, however, the 
incidence of tuberculous lymph nodes decreased and the lesions were definitely 
less extensive. The phenomenon of regression was noted in a considerable num- 
ber, similar in appearance to the regression of the lesions in the spleen and bone 
marrow. Caseation of tuberculous nodes was much less frequent in the 2nd and 
3rd months than in the 1st. Definitely localbed tubercles did not make their 
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appearance in the 2nd and 3rd months, although giant cells were more frequent. 
The lesions at the end of tlie 3rd month resembled those seen in the spleen, where 
small collections of epitlielioids and giant cells remained with no evidence of 
fibrous tissue forming about them. 

The Liver . — ^In the liver, tuberculous lesions apparently mature more rapidly 
than in the other organs, as in this series of animals the earh-' reaction of mono- 
cytes and young epithelioid cells was not observed. The lesions found were 
constant in type, namely, a scattering of Langhans giant cells throughout the 
organ, occurring most often singly, but occasionally in groups of two or more. 
Had animals been studied during the first 2 weeks after inoculation a much more 
active type of reaction would probably have been observ^ed. The number of 
animals showing any involvement of the liver during the 1st month was 60 per 
cent, and this figure decreased rapidly in the ensuing months. 

The Kidneys . — Renal tuberculosis was found to exist in about 70 per cent of the 
animals tliat died in the 1st, 2nd, and 3rd months. This rate of incidence did not 
lessen as time went on, a fact whiclr would suggest that healing of the renal lesions 
once under way is uncommon. The lesions in the kidneys were for the most part 
macroscopic tubercles, located both in the cortex and in the medulla. They tended 
to extend between the tubules, and frequently made their way into the pelvis of 
the kidney, where tuberculous pyelitis was set up. When tlie pelvis was so in- 
volved, tliere was evidence of fresh invasions of the medulla from the pelvis. 
It was common to find the pelvis completely filled with caseous debris. Epi- 
thelioid cells were occasionally seen in the glomeruli, and some small tubercles 
which evidently had their origin from such a lesion. Histologic sections of the 
ureters and bladder were not made, but no gross tuberculous involvement of these 
portions was observed. 

The Reproductive System . — In but two cases were tubercles found in tlie testicles 
of animals that died in the acute phase; these two were small, pin-point tubercles 
without caseation. No ovarian tuberculosis has been recorded. 

B. Lesions Found in Animals Surviving beyond 3 Months 

The Lung . — In the second or chronic phase of the disease all of the changes 
associated with long standing tuberculosis were found in the sections. Tubercles 
of varying size and in varying stages of development were found. Large con- 
fluent tubercles which had apparentlj' extended into adjacent lung tissue were in 
some cases walled off and in others surrounded by a zone of tuberculous pneu- 
monia. Many small tubercles were seen to be well enveloped by lymphocytes and 
fibrous tissue. It was noteworthy tliat in general the greater the longevit}'^ of the 
animal the more sharply localized were the lesions; and the rest of tlie lung showed 
less and less evidence of any inflammator>’ reaction, in sharp distinction to the 
findings in the acute phase where the whole lung from apex to base was frequently 
involved. In those animals which sur\'ivcd a year or more, the extent of tlie lesions 
was markedly reduced, and in some instances confined to the presence of a few 
small cavities with dense fibrous walls. 
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The Spleen. — ^The spleen was seldom found to be tuberculous in the chronic 
phase of the disease. Occasionally a few scattered epithelioid cells or Langhans 
giant cells were observed. No large confluent tubercles were found. In a number 
of spleens, particularly from animals that died after 5 or 6 months, there was a 
marked change in the histologic appearance, involving a necrosis of the cells of the 
pulp and much fibrosis; the lymphoid follicles were remarkably reduced in size. 
The average weight of the spleen was approximately normal, but in a considerable 
number of cases the organ was very small and shrunken. 

The Peripheral Lymph Nodes. — ^The incidence of tuberculous lymph nodes during 
the chronic phase of the disease decreased steadily. The nodes found in animals 
surviving over a year were in general very small and difficult in many cases to 
locate at autopsy, but apparently normal in other respects. The popliteal Ijmph 
node was more often involved than any other peripheral node, and an analysis of 
the records showed this to be associated with tuberculous infection of the bone 
marrow of the tibia and femur. The incidence of the two lesions together was 
frequent, while the occurrence of either lesion alone was not common. 

The Bone Marrow. — Of the animals d 3 'ing in the chronic phase of the disease, 
about half had tubercles in the marrow. These tubercles were discrete, usually 
small, and made up of from 5 to 25 epithelioid cells in section. The tubercles often 
had a lymphocytic reaction about them, but none showed any evidence of an 
increase in fibrous tissue. Caseation was not seen, and there was no evidence of 
any inflammatorj'- reaction in the adjacent marrow. 

The Kidneys. — The kidneys were tuberculous in about 65 per cent of the animals 
that died in the chronic phase of the disease. The extent of the lesions was 
perhaps greater in some of the animals which had survived for a long time, but the 
nature of the lesions was essentially the same as that described in the acute phase 
of the disease. There was in no instance any evidence of regression or repair of 
the renal lesions. 

The Liver. — In the chronic phase of the disease the incidence of hepatic tuber- 
culosis was very low. Only about 15 per cent of the animals showed anj' lesions 
at all and these consisted of an occasional Langhans giant cell. 

The Reproductive System. — ^Tuberculosis of the testicle was seen in a number of 
instances in animals that died in the chronic phase of the disease, and in these the 
ivhole organ was caseous in each case, frequently involving the epididymis. 

C. Comparison of the Lesions in the T-coo Phases 

The two phases of the disease are characterized by different patho- 
tgical findings. In the first 3 months the spleen, bone marrow, lymph 
odes, and the liver were extensivel}’- involved, as well as the lung and 
dney. In animals djnng after 3 months the lesions in the spleen 
'ne marrow, Ijnnph glands, and liver were minimal, whereas the 
ions in the lung and kidney were extensive. In addition, the lesions 
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in the first 3 months were most frequently a diffuse infiltration of the 
organs with a mass of monocytes and epithelioid cells, which showed 
a tendency to regress without caseation, while in the later phase 
the formation of typical tubercles togetlier with cavitation and fibrosis 
went on to the exclusion of any other type of lesion. 

In connection with these studies the work of Lurie is most valuable 
and interesting. In 1928 (4) he made an extensive study, following 
the course of tuberculosis in rabbits after intravenous inoculation 
mth bovine and human type bacilli, ^vith especial reference to the 
number of organisms whicli could be recovered from the various organs. 
He sacrificed animals at varying intervals after inoculation, making 
cultures from small weighed portions of spleen, liver, bone marrow, 
and lung. The number of colonies that grew out during 10 weeks’ 
observation of the cultures was determined, and the colony counts 
from the various organs compared. The data as presented showed 
that there was apparently a lag period of approximately 10 days, as 
cultures made from animals sacrificed 8 days after inoculation showed 
either no growth or a very few colonies, while cultures obtained from 
animals sacrificed after 2, 3, and 4 weeks showed increasing numbers 
of positive growths as well as colonies. Cultures made from the 
spleen revealed growth earlier and in greater profusion than those from 
the other organs. After the 4th week the number of colonies obtained 
from the spleen, liver, and bone marrow declined, while the number of 
colonies obtained from the lung and kidney increased with time, tlie 
lung showing a greater increase and the kidney but a slight increase. 

The number of bacilli which can be grown from an organ is depend- 
ent on the rate of multiplication and destruction of organisms in that 
organ and on the number of organisms originally seeded into it; the 
estimation of the number of viable organisms throws no light on the 
ratio of living to dead bacilli. The fact that dead organisms produce 
lesions similar to those produced by living virulent organisms serves 
to complicate the pathological studies. However, lesions produced 
by dead organisms do differ from the active lesions in that the former 
show regression, a phenomenon which is clearly recognizable in sec- 
tions and which may be easily followed in rabbits inoculated wth heat- 
killed tubercle bacilli. It is probable that the regressing lesions seen 
in the 2nd and 3rd months in the spleen and bone marrow and lymph 
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glands were due to the large number of dead organisms present in those 
tissues after the 1st month. The rise and fall of the number of organ- 
isms recovered by Lurie from the different organs occurs coincidentally 
with the period of increasing and decreasing lesions in our series, and 
parallels the rise and fall of the death rate during the first 2 months. 

More recently Lurie (5) has made studies similar to those referred 
to above but in which sections of tissue adjacent to the block of tissue 
taken for culture were fixed and sectioned, and a correlation between 
the bacteriological and the histological findings determined. The 
sequence of pathological changes reported in this recent study is sub- 
stantially in agreement with the course of the changes reported in our 
series for the first 3 months. Lurie made a more intensive study 
of the events occurring up to 2 months after inoculation, recording but 
a few instances of studies on animals allowed to live longer. 

All of the factors brought out so far in the first phase of the disease, 
including the mortality rate and the nature and extent of the lesions, 
are significantly related to the widespread multiplication of the 
tubercle bacilli in the various organs and their subsequent partial 
destruction. While the trend of total mortality in the second phase 
sets this portion of the disease apart as an entity, it is not so apparent 
that the rise and fall of the death rate in this phase is related to or 
dependent upon the same factors. 

The Changes in the Blood Cells in the Two Phases 

During the first 3 months after inoculation, the lesions were wide- 
spread and constantly changing in extent in the various organs. The 
clinical condition of the animals during this period was apparently 
normal in almost every instance, and those animals which died showed 
little evidence of wasting or malaise. The younger and lighter ani- 
mals, in fact, frequently gained weight steadily during this period. 
The changes in the blood cells, however, reflected faithfully the 
changes in the lesions in each animal as well as for the whole group. 
The striking correlation between lesions in the bone marrow and the 
blood cell changes is evident in Fig. 6, where the total number per 
c.mm. of the various cells is plotted by 10 day periods after inocula- 
tion. 175 animals were included in this summation, which was ex- 
tended to the 190th day. The number of counts available from ani- 
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mals surviving beyond this time was too small to allow a significant 
average to be taken. It is seen that at the end of the 1st month there 
was an anemia and a leucopenia of all cells except the monocytes. 
This fall in total numbers of these cells coincided with the increase 
of lesions in the bone marrows, shown in Fig. 5. 

Following this period of anemia and leucopenia, the cells tended to 
return to their previous levels, during the 2nd and 3rd months. Again 
this change coincided with the period in which the bone marrows were 
recovering from the extensive lesions present in the 1st month. 

The Ijmiphocytes fell in total numbers during the 1st month and 
recovered during the 2nd and 3rd months. This fall in total numbers 
is apparently due more to a drop in the total number of intermediate 
and large lymphocytes than to a proportionate decrease in aU three 
types of lymphocytes. The lesions in the lymph glands and spleen, 
extensive in the 1st month, regressed in the 2nd and 3rd months, and 
undoubtedly these changes are related directly to the variations in 
the number of lymphocytes in the circulating blood. The difficulty 
in estimating the extent of the lesions in all of the possible sources of 
lymphocytes makes a close correlation between the qualitative changes 
in the cells and the pathological changes in the Ijmphoid tissues 
difficult to obtain. 

The monocytes showed a small rise in total numbers during the 
1st month. The most significant change in this cell type was a quali- 
tative one and it is brought out sharply when the monocytes are dif- 
ferentiated into normal and “stimulated” forms. 

The stimulated form of the monocyte seen in tuberculosis differs 
from the normal monocyte in the following characteristics. The only 
nuclear change is a greater tendency on the part of the stimulated 
cells toward amitotic division, so that more of the stimulated forms 
show two nuclei. The essential changes are cytoplasmic and consist 
in an increase in the size of the rosette of vacuoles staining with neutral 
red, correlated with an increase in the size of the whole cell. In the 
stimulated forms the individual vacuoles of the rosette are smaller 
but much more numerous. The normal monocyte has a small rosette 
of vacuoles of moderate size, while the epithelioid cell has a verj' large 
rosette of tiny vacuoles. The stimulated form of monocyte is inter- 
mediary between the two, and the transition from monocvte to 
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stimulated monocyte ending with the epithelioid cell has been 
demonstrated by Sabin (6). It is significant that, during the 
period when stimulated monocytes are found in great numbers 
in the circulating blood, epithelioid cells, identical with those found 
in the lesions, are occasionally found in the blood (7, Plate 26, 



Days after inoculation 


Fig. 7. The relative number of normal and stimulated monocytes in the blood 
during successive 10 day periods after inoculation, in the same group of 175 
tuberculous rabbits. 

Fig. 3), whereas at other times when there are no stimulated forms 
present epithelioids are not seen. The surface film and the mito- 
cliondria of the two types of monocyte are similar. . These qualitative 
differences between cells of the monocytic strain are only to be seen 
with the supravital technique. Fig. 7 shows the total number of 
normal monocytes and stimulated monocytes plotted separately, 
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instead of together as in Fig. 6. It is clear that the small rise in the 
total number of monocytes which occurred in the 1st month was due 
to the accession of several hundred of the stimulated forms per c.mm. 
The normal monocytes remained at their initial level until the 2nd 
month, when they rose steadily. The appearance of stimulated 
monocytes in the peripheral blood is a constant phenomenon following 
inoculation with tuberculosis, particularly in the 1st month (8). 
After this time these stimulated cells decrease somewhat in number 
and frequency, reappearing during periods of great extension of lesions. 

The basophilic leucocytes and the eosinophils reacted as did the 
neutrophils, showing a leucopenia at the end of the 1st month. 
Eosinophils became exceedingly scarce, the average munber per c.mm. 
at the end of the 1st month being but 35. Both eosinophils and 
basophils returned to approximately normal levels after the 1st month. 

It is seen in Fig. 6 that the neutrophils after the period of leucopenia 
returned to their former level and went on to a definite leucocytosis, 
which was maintained throughout the course of the disease in most 
instances. This leucocytosis was probably a reaction to the presence 
of caseous lesions. Caseation occurred so constantly that it is diffi- 
cult to determine what other factors, if any, contributed to the increase 
in neutrophils. 

Thus the complex of lesions during the first phase, at first extending 
and then regressing in some organs, while steadily progressing in others, 
can be viewed not only with the aid of the autopsy findings, but fol- 
lowed from day to day and from week to week in the living animals, 
by means of repeated studies of the blood cells. 

In the chronic phase of the disease, the lesions were for the most 
part confined to the lungs and to the kidneys. The other organs 
showed minimal lesions. It was also evident that the rate of extension 
of the lesions was not so great in the chronic phase, since many animals 
showed no evidence of any change in their clinical condition for long 
periods of time and died vith relatively few lesions. During this 
period of relative inactivity, studies of the blood cells showed few 
significant changes. However, in each case in which the studies were 
made at frequent intervals up to the time of death, it was found that 
for a period of 1 to 2 months before death there was a change in the 
blood picture, of a constant nature. The 13'mphocytes, which had 
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been maintained at or near the normal level, about 3,500, durii 
long period of inactivity, started to fall; this fall was steady an; 
tinned until the total numbers of lymphocytes just before deatl 
but 600 to 1,200 cells. During this period of decline the moni 
frequently increased in total number and stimulated forms b< 
more frequent. The animals’ clinical condition went steadily < 
ward, the weight falling at about the same rate as the lymphot 
This decrease in the number of lymphocytes and increase in the nu 
of monocytes at a time when the animals’ resistance to the d; 
has obviously failed is a change that occurs so constantly that 
extremely useful as an index or basis for prognosis. 

It will be noted that no mention has been made of a relation bet 
the extent of the lesions and the longevity in the chronic phase, 
number of animals that have been studied is not large enou;- 
draw conclusions from, and it is not clear that such a relation c 
at least as measured by the extent of the cellular changes. Tin 
that many animals of extraordinary resistance, surviving for a 
or more, show at autopsy only a few lesions, most of whicli are 
well walled in -with fibrous tissue, would suggest that the extent o ' 
lesions in the chronic phase rose and fell somewhat parallel to 
death rate, as in the acute phase. However, when the group of 
mals in the chronic phase which showed the most extensive let 
were compared with those which showed the least, it was foun^ 
analyzing the blood studies and the weight records that the 
groups showed the same prolonged period of decline and wasting be 
death. It would appear that the factors responsible for the lo.‘^ 
weight and malnutrition are in part independent of the extent of 
lesions. The close correlation between the maintenance of wei 
and the maintenance of the lymphocytes, and the simultaneous deci 
in both suggests that the lymphocytes are either directly or indirec 
related to the state of resistance to the disease. 

The Relation of the Preinoculation Blood Counts in Rabbits to The 

Resistance to Tuberculosis 

The records of 66 animals, all of which were inoculated with 0.1 mg. 
of tubercle bacilli and which had an average of 5.4 counts each before 
inoculation, were examined in an effort to find what relationships 
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could be discovered between the blood counts before infection and 
the resistance of the animal. The counts on each animal were sum- 
mated and the mean obtained. The means for the group of 66 ani- 
mals were then arranged in a frequency distribution and the mean, 
mode, and standard deviation calculated. It was found that the 
separate values distributed themselves in the unimodal fashion of a 
normal frequency distribution. A correlation table was then made 
for each of the various cell t5q)es, plotting the longevity of the animal 
as the ordinate and fractional units of standard deviation on either 
side of the mode along the abscissa. It was found that a positive cor- 
relation existed between longevity and blood counts of or near to the 
modal value. Those animals of exceptional longevity had coimts which 
deviated but slightly from the mode, while conversely those animals 
whose counts varied significantly from the mode were found to have sur- 
vived but a very limited time. Such relationships have been shown by 
Casey and Pearce (9) to hold in regard to the susceptibility of rabbits 
to a malignant neoplasm. This correlation interestingly enough was 
evident when the whole group of animals was considered. However, 
when the animals were grouped according to whether or not they 
survived less than or longer than 90 days, it was seen that the correla- 
tion was slight in the first group and very definite in the group sur- 
viving beyond 90 days. This indicates apparently that some factors 
other than those expressed in the circulating blood cells are responsible 
for the division of any group into those which will survive and those 
which will not survive the first phase of the disease, since there was 
no significant difference in the blood counts of the first group and the 
second. The total number of animals used was not large enough, 
however, for such an analysis, and it may well be that with additional 
data the conclusions will be modified or amplified. 

The relation between longevity and the value of the de\nation of the 
count was most evident in the red blood cells; among the white cells 
the lymphocytes and basophils showed a closer correlation than did 
the neutrophils and monocytes. No direct relationship between 
longevity and the preinfection ratio of Ijnnphocytes to monocytes 
could be demonstrated, a verj’- high ratio apparently being as fre- 
quently associated vsith low longevity as a low ratio. 
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been maintained at or near the normal level, about 3,500, during th 
long period of inactivity, started to fall; this fall was steady and cor 
tinned until the total numbers of lymphocytes just before death wer 
but 600 to 1,200 cells. During this period of decline the monoc)de 
frequently increased in total number and stimulated forms becam 
more frequent. The animals’ clinical condition went steadily dowr 
ward, the weight falling at about the same rate as the lymphocytes 
This decrease in the number of lymphocytes and increase in the numbe 
of monocytes at a time when the animals’ resistance to the diseas 
has obviously failed is a change that occurs so constantly that it i 
extremely useful as an index or basis for prognosis. 

It will be noted that no mention has been made of a relation betweei 
the extent of the lesions and the longevity in the chronic phase. Th 
number of animals that have been studied is not large enough t 
draw conclusions from, and it is not clear that such a relation exists 
at least as measured by the extent of the cellular changes. The fac 
that many animals of extraordinary resistance, surviving for a yea 
or more, show at autopsy only a few lesions, most of which are ver 
well walled in with fibrous tissue, would suggest that the extent of th 
lesions in the chronic phase rose and fell somewhat parallel to th 
death rate, as in the acute phase. However, when the group of ani 
mals in the chronic phase which showed tlie most extensive lesion 
were compared with those which showed the least, it was found oi 
analyzing the blood studies and the weight records that the tw( 
groups showed the same prolonged period of decline and wasting befor 
death. It would appear that the factors responsible for the loss i] 
weight and malnutrition are in part independent of the extent of th 
lesions. The close correlation between the maintenance of weigh 
and the maintenance of the lymphocytes, and the simultaneous declini 
in both suggests that the lymphocytes are either directly or indirect! 
related to the state of resistance to the disease. 

The Relation of the Prcinocnlation Blood Counts in Rabbits to Thci. 

Resistance to Tuberculosis 

The records of 66 animals, all of which were inoculated with 0.1 mg 
of tubercle bacilli and which had an average of 5.4 counts each befon 
inoculation, were examined in an effort to find what relationship: 
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could be discovered between the blood counts before infection and 
the resistance of the animal. The counts on each animal were sum- 
mated and the mean obtained. The means for the group of 66 ani- 
mals were then arranged in a frequency distribution and the mean, 
mode, and standard deviation calculated. It was found that the 
separate values distributed themselves in the unimodal fashion of a 
normal frequency distribution. A correlation table was then made 
for each of the various cell types, plotting the longevity of the animal 
as the ordinate and fractional units of standard deviation on either 
side of the mode along the abscissa. It was found that a positive cor- 
relation existed between longevity and blood counts of or near to the 
modal value. Those animals of exceptional longevity had counts which 
deviated but slightly from the mode, while conversely those animals 
whose counts varied sigm'ficantly from the mode were found to have sur- 
vived but a very limited time. Such relationships have been shown by 
Casey and Pearce (9) to hold in regard to the susceptibility of rabbits 
to a malignant neoplasm. This correlation interestingly enough was 
evident when the whole group of animals was considered. However, 
when the animals were grouped according to whether or not they 
survived less than or longer than 90 days, it was seen that the correla- 
tion was slight in the first group and very definite in the group sur- 
viving beyond 90 days. This indicates apparently that some factors 
other than those expressed in the circulating blood cells are responsible 
for the division of any group into those which wiU survive and those 
which will not survive the first phase of the disease, since there was 
no significant difference in the blood counts of the first group and the 
second. The total number of animals used was not large enough, 
however, for such an analysis, and it may well be that with additional 
data the conclusions will be modified or amplified. 

The relation betw'een longevity and the value of the de\iation of the 
count was most evident in the red blood cells; among the white cells 
the lymphocytes and basophils showed a closer correlation than did 
the neutrophils and monocytes. No direct relationship between 
longevity and the preinfection ratio of Ijunphocytes to monocytes 
could be demonstrated, a ver>’- high ratio apparently being as fre- 
quently associated with low longevity as a low ratio. 
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been maintained at or near the normal level, about 3,500, during the 
long period of inactivity, started to fall; this fall was steady and con- 
tinued until the total numbers of l}miphocytes just before death were 
but 600 to 1,200 cells. During this period of decline the monocytes 
frequently increased in total number and stimulated forms became 
more frequent. The animals’ clinical condition went steadily doum- 
ward, the weight falling at about the same rate as the lymphocytes. 
This decrease in the number of lymphocytes and increase in the number 
of monocytes at a time when the animals’ resistance to the disease 
has obviously failed is a change that occurs so constantly that it is 
extremely useful as an index or basis for prognosis. 

It will be noted that no mention has been made of a relation between 
the extent of the lesions and the longevity in the chronic phase. The 
number of animals that have been studied is not large enough to 
draw conclusions from, and it is not clear that such a relation exists, 
at least as measured by the extent of the cellular changes. The fact 
that man}’- animals of extraordinary resistance, surviving for a year 
or more, show at autopsy only a few lesions, most of which are vety 
well walled in with fibrous tissue, would suggest that the extent of the 
lesions in the chronic phase rose and fell somewhat parallel to the 
death rate, as in the acute phase. However, when tlie group of ani- 
mals in the chronic phase which showed the most extensive lesions 
were compared with those which showed the least, it was found on 
analyzing the blood studies and the weight records that tlie two 
groups showed the same prolonged period of decline and wasting before 
death. It would appear that the factors responsible for the loss in 
weight and malnutrition are in part independent of the extent of the 
lesions. The close correlation between the maintenance of weight 
and the maintenance of the lymphocytes, and the simultaneous decline 
in both suggests that the lymphocytes are either directly or indirectly 
related to the state of resistance to the disease. 

The Rclaiion of the Preinoculation Blood Counts in Rabbits to Their 

Resistance to Ttiberculosis 

The records of 66 animals, all of which were inoculated wth 0.1 mg. 
of tubercle bacilli and which had an average of 5.4 counts each before 
inoculation, were examined in an effort to find what relationships 
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The hypersensitive state may be of significance in the pathogenesis 
of certain central nervous system disturbances. Of primary impor- 
tance is the possible relationship of the postexanthematous and post- 
vaccinal encephalitides to an allergic state of the central nervous 
system. Glanzmann (1) and Rivers (2) emphasize the hypersensitive 
state as a idle in the nervous complications of chicken-pox, smallpox, 
measles and vaccination. Rackemann (3) suggests that certain of the 
migrains may be due to the patient’s idiosyncrasy to some foreign 
protein. A review of cases of epileptics, whose attacks were relieved 
when food and other products to which they were found hj^persensitive 
were removed from their diets and environment respectively, vill be 
foimd in the monograph on epilepsy by Lennox and Cobb (4). The 
relationship between allergy and the severity of tuberculous meningitis 
win be referred to later. It was because of the suggested association 
of allergy to the above mentioned nervous maladies that the foUo'wing 
experiments were designed. We ^vished to study the potentialities of 
the central nervous system in sensitized animals to react when brought 
in contact with the homologous antigen. 

Tuberculous animals were first employed because it is known that 
their tissues are sensitive to tuberculin. The subarachnoid space was 
chosen as the locus of study because of its easy accessibility through 
the basal cistern and, furthermore, because of its very intimate relation- 
ship with the brain parencbjuna. The direct e.xtension of the sub- 
arachnoid space around the blood vessels into the depth of the brain 
parenchjTna to envelop the indiAudual nerA-e cells in all probability, is 
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SUMMARY 

It has been shown that in a large group of rabbits inoculated intra- 
venously with bovine tubercle bacilli the disease which follows resolves 
itself into two distinct phases. The first phase manifests itself in 
widespread diffuse lesions which subsequently regress. The mortality 
rate shows a rise and fall during this period, which have been corre- 
lated with the extent of lesions and with the changes in the blood cells. 
The duration of this phase is approximately 80 to 90 days. Following 
this period the mortality rate again rises and falls, during a period 
when all animals show lesions of a chronic nature. In an infected 
group the number of fatalities in the first phase is a function of the 
size of the dose. When the size of the dose and other conditions are 
held constant, a definite basis upon which to compare the reactions 
of treated animals is established. 

Studies of the blood cells during the course of the disease show that 
the changes in these cells reflect the course of the lesions in the first 
phase when other signs are lacking and offer a valuable means of mak- 
ing an estimate of the state of resistance of the animal from time 
to time. 

Studies of blood counts made on rabbits before their inoculation 
with tuberculosis were analyzed ivith regard to the relative longevity 
of the animals. It was found that those animals whose blood cells 
of various sorts deviated least from the modal value for tlie entire 
group survived longer than those animals whose counts were signifi- 
cantly high or low. 
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known from the work of Weed (5) and Cushing (6). It is impossible, 
in our judgment, to separate the subarachnoid space as a space in 
which spinal fluid bathes the surface of the brain from its extension to 
the very nerve elements of the brain proper. Such being the case, 
any reaction which can be made to occur in the fluid spaces covering the 
brain surface, will, in all probability, result likewise in the deeper 
portions of the brain substance under proper experimental conditions. 

Methods 

Guinea pigs averaging 200 to 300 gm. were inoculated subcutaneously in the 
groin with a light suspension of freshly isolated virulent human tubercle bacilli. 
The tubercle bacilli were grown, either on glj'cerine agar slants or Dorset’s egg 
media. The tuberculosis in the animals w'as permitted to progress to various 
stages before the test inoculation was made. Old tuberculin was diluted in phys- 
iological saline to the concentration desired. Not more than 0.2 to 0.3 cc. of each 
dilution could be safely inoculated into the basal cisterns of the animals, A small 
hypodermic needle, size No. 26, measuring inch in length was used. It was un- 
necessary to anesthetize the animals for the procedure. The immediate pressure 
symptoms that developed after the inoculation indicated that the injection mass 
had entered the cisterns. These symptoms disappeared within a few seconds with 
complete recovery. The point of inoculation into the basal cisterns was deter- 
mined by finding the crest of the occipital bone at the midline and puncturing the 
skin 1 cm. below this point. The needle was then permitted to strike the base of 
the occipital bone in the midline and forced gently downward until the rim of the 
foramen magnum was reached. At this point the needle perforated the occipital- 
atlantoid ligament and the dura with ease. Extreme care was taken to see that the 
needle did not penetrate too far so as to cause trauma to tlie brain stem. The 
material was slowly injected. Observations were frequently made for any clinical 
symptoms that could be attributed to the traumatic effects of the material inocu- 
lated into the subarachnoid space. If there was no change observed, the animals 
were permitted to live for various lengths of time. The animals that did not die 
were killed (under complete ether anesthesia) by means of decapitation. They 
were immediately autopsied. Both gross and microscopic studies were made of 
the viscera in order to determine the extent of the tuberculosis. The brain was 
removed, sectioned and fixed immediately in 95 per cent alcohol and stained with 
iron-hemato.\ylin and eosin and Nissl techniques. Bacteriological methods were 
employed in aseptically removed portions of the brain to rule out presence of either 
the ordinary bacteria or the tubercle bacillus. The inoculation of tuberculin into 
the carotid arteries was performed under ether anesthesia. 

Every experiment included controls of both the tuberculous and non-tuberculous 
animals. The tuberculous animals had glycerine broth equivalent to the concen- 
tration and dosage found in old tuberculin inoculated into the basal cistern. Also, 
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the leptomeninges. Histological changes were not demonstrable until 
4 hours after the inoculation of the tuberculin. The maximum 
response occurred within 8 to 12 hours. There were slight variations 
noted in the quantity of exudate in the meninges, but this may be 
attributed to the differences in response of the individual animal, as 
well as upon the variation of the amount of visceral tuberculosis 
present. 

Since guinea pigs vdth far advanced generalized tuberculosis uni- 
formly developed the most widespread exudate in the subarachnoid 
space within 8 to 12 hours, it was possible to take this time as a maxi- 
mum period after the inoculation of tuberculin for sacrificing the 
animals. An experiment was devised to study the relation between 


TABLE I 


Total 
No. of 
animals ' 

Survival 
time after 
tuberculin 
inoculation 

Clinical symptoms 

1 

Lesions of the central nervous system 

4 

hrs, 

2 

None 

No lesions 

4 

4 


Definite polymorphonuclear exudate in 

4 

6 

Definite progressive 

sulci and over conve.xities of brain 
Extensive polymorphonuclear e.xudate over 

8 

! 

1 8-12 

weakness and twitch- 
ings 

Death of all animals 

convexities with marked subpial and 
perivascular infiltration 

U <C 

1 


the amount of visceral tuberculosis and the severity of the hyper- 
sensitive response in the leptomeninges. 

A series of guinea pigs were inoculated subcutaneously into the groin with 
a \'irulent strain of human tubercle bacilli. At designated intervals (Table 
II) two guinea pigs were selected from the group and each inoculated with 
0.3 cc. of a 1/100 dilution of tuberculin in physiological saline. If the animals did 
not develop sjmiptoms and die before 12 hours, they were sacrificed. A skin 
sensitivity test was performed 24 hours before the inoculation of the tuberculin 
into the basal cistern. Bacteriological studies, both for the presence of tubercle 
bacillus and for aerobic and anaerobic bacteria were made with portions of the 
brain tissue. 

Non-tuberculous animals inoculated in the basal cistern with tuberculin and 
tuberculous animals inoculated with glycerine broth were used as controls. Some 
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XABLE II — Couchidcd 


Interv’al 
between 
initial inocu- 
lation and 
tuberculin 
inoculation 

Result 
of skin 
test 

Clinical symptoms 

Extent of visceral 
tuberculosis 

Lesion of central nervous 
system 

days 

25 

1 

Rapid onset of 
twitchings and 
convulsions re- 
sulting in death 
within Sj hrs. 

Inguinal lymph nodes 
enlarged and case- 
ous; gross evidence 
of tubercles in lungs 
and spleen; micro- 
scopic tubercles in 
liver 

Extensive exudate in 
sulci and over con- 
vexities of brain; 
marked subpial and 
perivascular infiltra- 
tion 

31 


1 

Rapid onset of 
weakness and 
convulsions. Loss 
of control of 
sphincters. Death 
within 9 hrs. 

Gross evidence of tu- 
bercles in lungs, 
spleen and liver; in- 
guinal lymph nodes 
are caseous 

Extensive exudate in 
sulci and over con- 
I vexities of brain 

37 

Pos. 

1 

1 

Rapid onset of 
weakness and 
death within 6 
hrs. 

Extensive general- 
ized tuberculosis 
throughout organs 

Extensive exudate in 
sulci and over con- 
vexities of brain; 
marked subpial and 
perivascular infiltra- 
tion 


of the tuberciilous animals were inoculated with tuberculin into the neck muscles, 
and others that received no injection of tuberculin were sacrificed from time to 
time. These controls never showed any clinical symptoms nor was there any 
evidence of anatomical changes in the subarachnoid spaces comparable to those 
found in the experimental animals. The tuberculous animals that received 
glycerine broth showed a slight non-specific response characterized by a poly- 
morphonuclear e.xudate. 

These results indicate that the degree of the response of the central 
nervous system tissues to tuberculin is directly related to the extent 
of the visceral tuberculous disease. 

The following two experiments (Experiments III and W) were 
devised to determine the effects of high dilutions of tuberculin upon the 
leptomeninges and to study the transformation in the exudate pro- 
duced vdthin the leptomeninges. 
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The tuberculous animals were chosen at intervals after the initial infection and 
inoculated with 0.3 cc. of a 1/10,000 dilution of tuberculin in physiological saline. 
The animals surviving for 120 hours were then sacrificed. 

In addition to the usual controls, two others were used. One animal at the 1 
week period was inoculated with a l/IO dilution of tuberculin. It had no clinical 
symptoms and very slight polymorphonuclear exudkte at the base of the brain. 
The other animal was chosen at the 3 week period and also inoculated with a 
1/10 dilution resulting in the death of the animal within 12 hours and a very 
extensive polymorphonuclear exudate in the leptomeninges. 

The results of the experiment are definite as concerns the clinical 
findings and pathological picture. 

As the tuberculous process advanced within the viscera of the guinea pigs, there 
was a rapidly increasing susceptibility of the leptomeninges to the tuberculin. 
The central nervous system showed a quantitatively less and qualitatively different 
type of reaction from the tuberculous guinea pigs inoculated with more concen- 
trated dilutions of tuberculin. When the animals were killed or died within 24 to 
48 hours, the exudate was limited chiefly to the base of the brain and Sjdvian 
fissures. The exudate usually consisted of equal proportions of the polymorpho- 
nuclear and lymphocytic cells. If the guinea pigs were not sacrificed or did not 
die before 120 hours there was observed either a verj^ slight amount of residual 
exudate composed chiefly of small Ijunphocytic cells or the brain showed no ana- 
tomical changes. An occasional guinea pig, however, especially in this experiment, 
would manifest definite clinical symptoms as intense and t3T)ical as those previously 
described, but upon examination of the sections from the brain, there was no 
exudate present or any other demonstrable lesion. This phenomenon was noticed 
twice in the experiments in which greater concentrations of tuberculin (1/10 and 
1/100) were inoculated into the basal cisterns. These guinea pigs at the time of 
inoculation of the material into the basal cistern showed verj'^ definite immediate 
pressure sj^mptoms with the usual rapid recover j' which indicated that tlie material 
reached the basal cistern. A possible explanation is that a few guinea pigs from a 
group are refractorj’^ to reacting in an acute manner; in other words, a state of 
anerg}' is present. 

The following experiment was likewise performed to produce an 
exudate within the subarachnoid space as well as to permit the animal 
to survive. 

Guinea pigs were used that showed a stage of the tuberculosis in which the 
lymph nodes and spleen were definitely enlarged, but the other organs in the gross 
did not show the presence of tubercles; in other words, a tuberculous infection was 
established which had not become generalized. One of two dilutions of tuberculin 
(1/100 and 1/1000) was inoculated into the basal cistern. If the animals did not 
die at the time desired, they were sacrificed. 
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The results of the experiment show the variation noted in the previous ex- 
periments. 

The animals that were killed or died within the 6 to 12 hour period, responded 
with an exudate that extended over the convexities of the brain as well as showing 
marked perivascular infiltration. The exudate consisted entirely of polymorpho- 
nuclear and large mononuclear cells. The guinea pigs that survived from 12 to 120 
hours, showed an exudate which was limited chieflj’- at the base of the brain and ap- 
peared slightly over the convexities. But, instead of a polymorphonuclear cellular 
response such as was found consistentl}’^ in the guinea pigs d}dng earl}'-, there was 
a lymphocytic cell present. The cause of death of the animals could not be cor- 
related with the exudate found in the subarachnoid space. It is known that when 
an exudate, not associated with necrosis, resolves, there is a gradual decrease of 
poljtnorphonuclear cells of the exudate and there is to be seen a mononuclear type 
of cell, the lymphocyte. This in turn gradually disappears so that the organ is 
returned to its apparently initial state. Since there is no evidence of necrosis in 
this response of the meninges, the exudate found in the subarachnoid space of the 
animals that survived for several days rvas probably the result of a gradual resolu- 
tion of the more acute process that was previously elicited. 

Thus far all the experiments have been limited to the inoculation of 
material into the subarachnoid space, which brought about the vig- 
orous response in the leptomeninges. The cells of the brain paren- 
chyma showed no evidence of damage by the technique used for this 
study. In order to bring the tuberculin into closer contact vith the 
ganglion cells of the cortex, the skull was trephined while the animal 
was under ether anesthesia, the needle inserted directly into the cortex 
and the material injected. A dilution of tuberculin 1/100 was inocu- 
lated. The results are presented in Table V. 

Instead of damage to the surrounding cells of the brain, there de- 
veloped extensive generalized meningitis with marked perivascular 
infiltration. All the animals died within 6 to 8 hours after the inocula- 
tion. This response was similar to the reaction obtained when the 
material was inoculated by the basal cistern. 

Carotid injections of tuberculin were done in guinea pigs with far 
advanced tuberculosis. The results were uniformly negative in the 
few animals observed. This phase of the problem is being studied. 

Controls of both tuberculous and non-tuberculous animals were 
employed for every experiment. A summary of the controls is 
given in Table VI. 

The complete lack of clinical sjnnptoms and the absence of path- 
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tuberculous animals showed a very slight, non-specific, polymor- 
phonuclear exudate in response to the glycerine broth inoculated into 
the basal cistern. None of the controls died from the inoculation. 

Both living and dead tubercle bacilli were next tested to determine 
the response of the leptomeninges in hypersensitive animals. 

In the case of living tubercle bacilli suspensions of two concentrations were used. 
One consisted of a concentration of tubercle bacilli that gave an opalescent appear- 
ance while the other suspension consisted of a concentration of tubercle bacilli 


TABLE VII 


No. of 
animals 
used 

Clinical symptoms and 
survival period 

Extent of tuberculosis in 
viscera 

Lesions of the central nervous 
system 

3 

Rapid progressive symp- 
toms of weakness, 
twitchings and con- 
vulsions. Death in 3 
to 5 hrs. 

Enlarged inguinal 

lymph node. Spleen 
enlarged and nodular. 
Few tubercles in liver 
and lungs 

Extensive polymorphonu- 
clear exudate in sulci 
and over convexities of 
brain with marked peri- 
vascular infiltration 

1 

Ruffling of hair, and- 
re.xia, weakness of 
hind legs, death with- 
in 10 days 

Enlarged caseous ingui- 
nal lymph nodes. 
Liver and lungs show 
many tubercles 

Exudative and prolifera- 
tive meningitis. Tuber- 
cle formation in peri- 
vascular spaces and 
parenchyma. Thrombi 
in vessels of brain 


Controls 


4 

No reaction. Killed at 

None 

Very slight non-specific 


24 hrs. 


polymorphonuclear exu- 
date deep in the sulci 


that contained not over 250 bacilli per high power field. In Table VII the effects 
of the concentrated suspension of tubercle bacilli in allergic animals are shown. 

The concentrated living tubercle bacilli were capable of eliciting a 
very vigorous response in the leptomeninges of a hypersensitive animal. 
The animal that survived for a period of 10 days showed an exudate 
and proliferative type of response. There were many tubercles 
throughout the perivascular spaces of the brain. 

Table VIII demonstrates the results of inoculating minute quantities 
of living tubercle bacilli into the basal cistern of tuberculous animals. 
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Dworski (7) have clearly demonstrated in their experiments of super- 
infection in the meninges of rabbits this difference between tuber- 
culous and non-tuberculous animals. Dead tubercle bacilli were 
studied as to the type of response that would be elicited in the hyper- 
sensitive animal. A portion of the same suspension prepared for the 
experiment used in studying the effects of large concentrations of 
whole tubercle bacilli was heated in a water bath at 60°C. for 1 hour. 
The viability of the culture was tested by inoculation of the heated 


TABLE IX 


No. of 
animals 
used- 

Clinical symptoms and survival 
period 

E.rtent of visceral 
tuberculosis 

Lesions of central nervous 
system 

3 

Ruffling of hair, twitch- 
ings, convulsions and 
death within 4 to 12 hrs. 

Extensive general- 
ized tuberculosis 
throughout the 
viscera 

Extensive polymorphonu- 
clear exudate in sulci and 
over convexities of brain. 
Marked subpial and peri- 
vascular infiltration 


Controls 


2 

No clinical symptoms. 

None 

Slight polymorphonuclear 


One animal sacrificed 


exudate at the base of 


within 12 hrs.; the other 
permitted to live for 
48 hrs. 

i 

the brain 

1 

Not inoculated 

Extensive general- 

No exudate or change in 



ized tuberculosis 

the central nervous sys- 
tem 


culture into normal guinea pigs. There was no evidence of tuber- 
culosis 2 months after the initial inoculation. 

Dead tubercle bacilli are capable of eliciting a response of the 
meninges in allergic animals. 


DISCUSSION 

In comparing the response of the leptomeninges in these expen- 
ments with the allergic response in other organs of tuberculous animals 
our results are in general those one might expect to find. The sterile 
meningitis produced in animals allergic to tuberculin is similar in its 
fundamentals to the tuberculin reaction of the skin in hypersensitive 
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5th day in the testicle which was the primary focus of infection, and 
did not appear in the opposite organ until later. The leptomeninges 
of the tuberculous guinea pig responded within 5 days by a definite 
specific reaction, while the skin manifestations did not appear before 
the 10th day. However, the meninges were not the focus of primary 
infection. It is possible that the early response of the meninges is 
due to the anatomical structure of the organ and exudate, being more 
readily demonstrable in the earliest stage. 

Glycerine broth always elicited a non-specific exudative response in 
the leptomeninges of tuberculous animals, while an equivalent quan- 
tity of glycerine broth administered to non-tuberculous animals 
yielded a very slight exudative response or none. Friedberger and 
Gajzago (15), Borrel (16), Somerfeld and Ziskin (17) found that tuber- 
culous animals responded more vigorously to non-specific proteins 
than did the non-tuberculous animals. 

Both dead and living tubercle bacilli when inoculated in sufficient 
quantities via the basal cistern of tuberculous animals caused an 
acute and vigorous response which terminated in the deatlr of the 
animal, while smaller quantities of living tubercle bacilli resulted in a 
less severe acute reaction and a greater portion of the animals survived 
for a longer period of time. Histological sections of the brains ob- 
tained from the tuberculous animals that had living tubercle bacilli 
inoculated into the basal cisterns showed only an occasional tubercle 
and a moderate number of small lymphocytes at the base of the brain. 
On the other hand, the non-tuberculous animals that received small 
quantities of living tubercle bacilli had an extensive proliferative and 
exudative tuberculous response throughout the meninges and brain 
substance. Soper (7) has shown that the introduction of tubercle 
bacilli into an already tuberculous subarachnoid space will produce a 
sudden exacerbation of meningeal signs in the animals. There is an 
associated increase in cell count of the spinal fluid. The primar}’’ 
inoculations of non-tuberculous animals via the leptomeninges does 
not result in an acute onset of meningeal signs, but leads to a slow 
progressive type of tuberculous meningitis. He demonstrated that 
the superinfected animals did not reveal so extensive a type of men- 
ingitis w'hen compared with the control animals. The primary focus 
in Soper’s experiments was in the central nervous system, while the 



219 

" ' stabUsHe 4 to*=’?Uswad*‘>-'- 

. animals v/as esta^ 

s-»r;:3 . - “'*. .,„»■■?£ 

•.atheUteratur^ esultediaa^^^^^ 

^'fee£"-€5'r=;£s 

*''''‘SSt”a M ya« °W V"; ^,e occ^ »'>"f^drfve 

5 SSirSS5^=^"” 

f'"'. system eomp vaccmB-tm i 

auenza,pneum > 

^ ^ V rt contact vatb Av an oaset « 5. 

a-- 

'5»'f^- ‘tl^JtotopcaUV *e cent 


220 


HyPERSENSITIVlTY AND MENINGITIS, I 


polymorphonuclear exudate distributed throughout the subarachnoid 
spaces of the brain and extending into the perivascular spaces. 

4. The intensity of the response is directly proportional to the 
quantity of visceral tuberculosis or to the dose of tuberculin employed. 

5. When small quantities of tuberculin are employed so as to permit 
the animal to survive longer than 24 hours, there is an exudate found 
in the sulci and at the base of the brain which is characterized by small 
lymphocytes. 

6. The non-tuberculous animals when inoculated with tuberculin 
or tubercle bacilli revealed no clinical or pathological response. The 
tuberculous animals, on the other hand, when inoculated with glycerine 
broth always responded by a definite but slight polymorphonuclear 
exudate. 

7. The possible relationship of the allergic state to postinfectious 
complications of the central nervous system is discussed. 
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I. THE PERMEABILITY OF THE WALL OF T. 
LYMPHATIC CAPILLARY 
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{From the Laboratories of The Rockefeller Institute for Medical Research) 
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Little is known of the permeability of the wall of the minute lym- 
phatics. The neglect of this theme is the more remarkable in view of 
the great amount of work that has been done on the blood capillaries; 
but it is to be explained by the technical difficulties of experimentation. 
Recently in our laboratory a method has been devised whereby the 
most minute l 3 mphatics can be disclosed and the permeability of their 
walls subjected to test. 

In brief our method has been to render the lymphatics visible by 
means of well tolerated vital dyes, draining away in them from the 
point of injection, and to utilize these latter in the study of exchange 
between the lymph and tissue fluid. Under the circumstances of 
ordinary vital staining by a distribution of dye from the blood to the 
tissues the minute lymphatics remain invisible in the midst of the 
general coloration; but when a local injection of dye is made, the 
minutest lymphatics deriving from the region become fiUed with 
colored fluid and stand out brilliantly from their unstained surround- 
ings. In a tissue accessible to study without disturbance it is possible 
to test the permeability of the lymphatic wall by the use of dyes of 
graded diffusibility, to observe the change produced by stimuli of 
various sorts, and to carry out other investigations. Such a tissue 
has been found in the ear of the mouse. 

The present paper is devoted to orienting observations and to the 
permeability of the lymphatic wall under normal conditions. 


Method 

The ear of the living mouse is almost ideal for direct observation 
of the smaller blood vessels and capillaries (1). The central cart- 
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ilaginous plate serves as a background against wliich the overlying 
blood vessels stand forth sharply under suitable experimental condi- 
tions. A small amount of isotonic dye solution or a suspension of 
finely particulate material is injected into the skin on the outer side 
of the edge of the ear. The lymphatics, rendered visible by their dye- 
stained content, are studied. The technique of lighting and inspection 
has in general been that employed for investigation of the ear capil- 
laries (1). 

Young adult white mice were used, which had been kept for a month or more 
on the same adequate diet. Preference was given to those of long headed t}pe, 
that is to say, those having large ears so set as to be easily spread upon the platform 
used in the observations. Anesthesia was induced 1 hour before the experiment 
by injection beneath the skin of the abdomen of a 2 per cent aqueous solution of 
soditun luminal, 0.0125 cc. per gm. of body weight. An additional 0.02 cc. per 10 
gm. of body weight injected intraperitoneaUy brought about more rapid narcosis. 
This dose of freshly dissolved drug produces an even anesthesia lasting 2 to 5 hours. 
Occasionally, it was necessar}'’ to place a broad collar of cardboard about the ani- 
mal’s neck (2) to prevent scratching of the ear before stupor ensued. Throughout 
the experiment the anesthetized mouse lay on its belly in a frame so moulded of 
plasteUne and wire gauze that the head and body were supported while the ears 
rested lightly upon small white procelain plaques set upon daises which were in the 
same horizontal plane, to rule out gravity as a cause for any differences in them. 
The ears were thinly coated with neutral paraflBn oil which served the double pur- 
pose of holding them against the procelain without distortion or pressure and of 
greatly increasing visibility. A beam of light from a Leitz-Wetzlar carbon arc, 
cooled by passage through one or more filters, 5 cm. thick, of Magnus’ fluid, was 
directed onto the ear by an adjustable mirror. The observations were carried out 
with a Spencer binocular dissecting microscope. 

When dye was to be introduced, the skin was punctured on the outer side of tlie 
ear near its edge with a steel dissecting needle whicli had been ground to an ex- 
tremely fine point. Through the little woimd, either a micro-pipette or a 30 gauge 
platinum iridium injecting needle was thrust 2 to 3 mm. toward the base of tlie ear 
as superficially as possible. D 3 ’^e solution was then slowly introduced in small 
quantity, resulting in deepl}’’ colored areas 1 to 4 mm. in diameter. Even before 
the injection was finished the lymphatics deriving from such an area had taken up 
the dye and colored fluid was seen to stream away toward the base of the ear, the 
outlines of the containing vessels being sharply demarcated thereby. When it was 
desired to render single lymphatic radicles visible, a Chambers micro-dissection 
apparatus and quartz micro-pipettes w'ere utilized for the injection of an extremely 
minute quantity of dye. 

The dyes w'ere in the main those alreadj'- utilized in this laboratorj" for studies of 
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the permeability of blood capillaries. They ranged in diffusibility from the 
swiftly diffusible Neptune blue (comparable to patent blue V in this respect) to 
pontamine sky blue which passes not at all through ordinary collodion membranes 
and only very slowly through the capillary rvall. AH were injected in isotonic 
solution, sometimes in sodium chloride solution, again in T 3 T:ode’s solution, and 
yet again in mouse senun diluted thrice with T 3 rrode’s solution — to approximate 
the composition of the l 3 Tiiph of an extremity (3-5). In many previous experi- 
ments on the blood vessels the iimocuous character of the dyes has been evi- 
denced (6). 


Appearance of the Normal Lymphatics 

A general description of the minute structure of the ear has been 
provided in a previous communication from this laboratory (1); but 
nothing was said in it of the lymphatics. Those rendered visible by 
: their content of dye-stained fluid appear as irregular channels of highly 
various size and shape. They form an abundant intercommunicating 
network. Fig. 1 shows those draining a single colored area resulting 
from an injection under m inimum pressure. Even the smallest 
lymphatic vessels disclosed by the injection are I5;u in diameter, far 
larger that is to say than the blood capillaries. Most of them are many 
times larger. They extend to the very margin of the ear without evi- 
dent pattern or relation to the blood vessels. The lymph flowing 
along them toward the base of the ear collects into a few trunks lying 
as a rule in the tissue between the fan veins of the ear. These trunks 
are, if anything, narrower than the vessels that they drain. There 
is none of the gradual increase in size occurring in the veins. At 
intervals along the course of the lymphatics one sees characteristic 
bulbous swellings and under high magnification valves can be made 
out. There are many fine cross-channels without valves or swellings; 

' but few of these are to be seen ordinarily, since the l}miph current does 
not bring the dye into them. They can readily be rendered visible, 
however, by injecting the large lymphatics under moderate pressure. 
These can be pierced after they have been rendered visible by a con- 
tent of colored fluid. Variations in the depth at which dye is placed 
in the tissue at the edge of the ear have revealed a superficial and a deep 
ple.xus of Ijmiphatics, intercommunicating and both possessing valves. 
The one is in the corium, the other above the fatty tissue immediately 
overl 3 ang the cartilage (1). 
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No matter where the dye solution is injected, whether at the edge 
or middle or near the base of the ear, it is always transported toward 
the head, peripheral flow being prevented. We have repeatedly 
pierced individual dye-containing lymph channels and have introduced 
into them dye of another color, with the micro-pipette directed toward 
the periphery, but seldom have we been successful in forcing colored 
fluid past more than one or two valves without rupture of the vessel. 
Also with fine micro-spatulas directed by tlie Chambers device we have 
“milked” dye-stained fluid peripherally but only on rupture of the 
valves. In the extreme ear margin, however, the lymph channels 
are not guarded by these latter. Here it is possible to obtain a local- 
ized retrograde injection from dye proximally placed, and to demon- 
strate the existence of lymphatic closed loops and culs-de-sac next to 
the very margin of the ear. Even here the channels are numerous 
and far larger than the regional blood vessels. At no time has any 
evidence been obtained of direct communication between the Ijon- 
phatics and the tissue spaces. Always the lymphatics have appeared 
to be completely closed. 

The study of fixed and sectioned specimens has corroborated these 
findings. The preparations were obtained by injecting the channels 
in the usual manner with a gelatin solution warmed to 43.0°C. and 
stained with pontamine sky blue, after which the whole ear was fixed 
in Zenker’s fluid. Pressure was required to inject the mass. 

Lymph Flow 

The first demonstration of the lymphatics by means of dyes was 
accidental and while suggesting the later method, it also indicated 
the presence of a considerable lymph flow in the ear. In the course 
of work on the gradient of capillary permeability (6) a dye had been 
injected intravenously that formed aggregates while in the blood 
stream and blocked some of the finer arteries of the ear. Almost at 
once the emboli began to dissolve and as this happened lymphatics 
draining awa}'- colored fluid became visible. Under the circumstances 
of the later experiments, there was an active flow along the minute 
lymphatics of the ear, but since this derived from injected regions it 
cannot be taken as indicative of normal flow; where two Ijonph chan- 
nels joined, however, one could often observe that a stream of dye- 
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wall with no openings into it was repeatedly revealed by pressure 
manipulations. These connections allowed only the finest thread of 
colored fluid to pass through, and there is every reason to suppose 
that under ordinary circumstances they were closed off. That they 
had adequate walls was shown by their sharp outlines and by the fact 
that their contents even when under slight pressure did not pass into 
the surrounding tissue. They had no valves or bulbous swellings. 
The facts suggest that they were accessory lymphatics, not closed off 
temporarily as are certain of the blood capillaries (8), but channels 
unutilized under ordinary circumstances. 

Continual observation over periods of 3 to 5 hours revealed no 
movement of the lymphatics; their outlines and relations to one 
another remained unchanged. The bulbous dilatations appeared 
rigid, as if their walls were moored in the position of distension. In 
the region between them, small puckerings, possibly caused by struts 
of connective tissue, seemed permanently to distort the vessel contour. 
When India ink or “Hydrokollag,” dialyzed against Locke’s solution, 
was injected into lymphatics, these cleared themselves within a few 
minutes but black particles were left adherent to their walls, outlining 
them sharply. In such preparations, which can be studied for a much 
longer period than lymphatics outlined with dye, no contraction of the 
wall has ever been seen. This is not because the contours of the wall 
cannot alter. In experiments on the effect of heat and cold, to be 
detailed in a subsequent paper, marked changes in the size of the 
channels have been observed. But it must be concluded that the 
lymphatics of the mouse ear unlike those of the wing of the bat (9) do 
not actively contract or relax under ordinary circumstances. 

Pcrmcahility of the Lymphatic W all 

Our first observations showed the walls of the lymphatics to be 
highly permeable. Despite the fact that fluid was continually entering 
them from the surrounding tissue, as shown by observations already 
mentioned, even the most indiffusible of the dyes we utilized passed 
out. A systematic study of the permeability thus disclosed was 
undertaken. For the purpose it was important to utilize ears which 
had not been injured or inflamed in the least. Those of nearly full 
grown animals of 16 to 20 gm. proved far the best, the ears of younger 
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mice tending to be too thick for useful observations and of older ones 
too often marred. Even in ears that appeared wholly normal, an 
ecchymotic dye escape, testifying to occult injury, was frequently met 
with. Fig. 2 illustrates this. Several sharply localized dye extravasa- 
tions here and there along the lymphatics can be seen in the photo- 
graph. This irregular type of dye escape can be readily discriminated 
from that occurring ever 3 rwhere along an uninjured lymphatic wall 
in the case of highly diffusible pigments. 

The behavior of two groups of dyes was investigated, those of the 
one group (pontamine sky blue and Chicago blue 6B) being poorly 
diffusible, as judged by their behavior in the blood stream and by their 
failure to pass collodion membranes; those of the other (tr3q3an red, 
brom phenol blue, and Neptune blue), more or less highly diffusible. 
Isotonic solutions of all these, in various diluents and at various 
strengths, were introduced into the l 3 rmph channels. Several aims 
were pursued. We sought to learn the effect of differences in the 
molecular concentration of the dyes upon the rate of passage from the 
l3Tnphatics. Next we studied the influence upon dye escape through 
the lymphatic waU of variations in the protein and salt content of 
the fluid media carrying the dyes. And finally we ascertained whether 
known differences in diffusibility of the dyes as demonstrated by their 
passage out of the blood vessels and through gelatin iti vitro (6) hold 
good as regards their escape from the lymphatics. A rough compari- 
son of the relative permeabilities of the lymphatic walls and the walls 
of the blood capillaries, under the conditions of life, was thus car- 
ried out. 

The molecular weights of the dye specimens, which had been purified of e.rtrane- 
ous material, were calculated by the freezing point method -with a Beckman 
apparatus. For the experiments fresh solutions isotonic with 0.9 per cent sodium 
<^oride solution were made in twice distilled water. A 21.6 per cent watery solu- 
tion of the pontamine sky blue we used was isotonic with blood, 17.1 per cent of 
Chicago blue 6B, 4 per cent of trypan red, 4 per cent of brom phenol blue, and 5.5 
per cent of Neptune blue. Such isotonic solutions were mixed in varjang propor- 
tions uith the following vehicles: — sodium chloride solution 0.9 per cent, TjTode’s 
solution, mouse amniotic fluid, mouse serum, and a mixture of 3 parts TjTode’s 
solution with 1 part mouse serum — this fluid having the approximate protein con- 
tent of Ij-mph from a mammalian extremity, to judge from the literature. In a few 
instances rabbit serum concentrated fivefold was also employed. The material 
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injected contained varying percentages of dye, depending upon the purpose of the 
experiment, but as a rule from 1 to 2 per cent. 

In previous experiments (1, 10), and in others to be reported in the following 
paper, these dyes have been used for vital staining of mice by intravenous injection, 
and have circulated in the blood in approximately tlie same concentration as was 
now used, that is to say 1 to 2 per cent. Variations in the percentage without 
change in the tonicity of the final mixture w'ere accomplished by using isotonic dil- 
uents. Differences in the tinctorial strength of the dyes remained a factor which 
could not be controlled. Fortunately however, the differences in their diffusibil- 
ity and those in the influence of the diluents upon their escape from the Ijmiphatics 
far transcended the observed differences in tinctorial value so that these failed to 
complicate the interpretation of the results. 

The General Phenomena of Dye Escape 

The phenomena which enabled us to recognize the passage of dye 
through the lymphatic wall were ver}’- striking. Ecchymotic d)’’e 
escape has already been considered. The limitation of escape to 
certain segments of seemingly normal lymphatics sometimes occurs, 
its cause being as yet obscure. It is encountered only with poorly 
diffusible dyes. Ordinarily the passage of dye through the lymphatic 
wall takes place everywhere at approximately the same time and rate. 
Immediately after the channel has become filled with dye-stained 
fluid it appears sharply demarcated; but sooner or later, depending 
on the diffusibility of the dye employed, its outline grows misty. 
The coloring matter is escaping into the surrounding tissue, and in 
proportion as this happens the l}miphatic becomes surrounded by a 
colored cloud and obscured. 

Invariably in scores of experiments an increase in the concentration 
of the dye enhanced its escape from the lymphatic channels, irrespec- 
tive of the character of the fluid in which it was introduced. In this 
respect the findings resembled those on intravenous injection. Com- 
parison of Figs. 3 and 4 with Figs. 5 and 6 show how greatly a fourfold 
increase in the concentration of dyes increased diffusion. 

Influence of the Fluid Vehicle upon the Escape of Dye 

Early in the work the fact was noted that the escape of the dyes 
was markedly conditioned b}'’ the character of the fluid in which they 
were dissolved. For this reason comparisons of the diffusibility of the 
dyes were made only when they were introduced in the same vehicle. 
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Some experiments specifically devised to determine the influence of 
the vehicle threw light also on the permeability of the l3Tnphatic 
wall as compared with that of the blood vessels. 

The several dyes selected for the work, pontamine sky blue, Chicago blue 6B, 
brom phenol blue, Neptune blue, trypan red, and vital red, were mixed in equi- 
molecular amount with saline solution, Tyrode’s solution, mouse amniotic fluid, 
mouse serum, a mixtoe of 1 part mouse serum and 3 parts of Tyrode’s solution, and 
finally ufith rabbit serum, concentrated fivefold. The proportions used were 0.1 
cc. or 0.2 cc. of isotonic watery dye solution to 2 cc. of diluent. Small amoimts of 
two or three of these solutions were injected at different spots along the edge of 
each ear so that comparisons might be made in the one animal of the rate of dye 
escape as influenced by the various vehicles. At least fifty injections, and in some 
cases twice as many, were made with each dye in order to obtain ample data. 

It was regularly foimd that the dye escaped most slowly' through the W'all of 
the lymphatics when it had been mixed with a fivefold rabbit serum concentrate. 
The material was prepared by ultrafiltration through collodion sacs (11). The 
other vehicles can be arranged in the following order, escape being progressively 
greater with each one: normal homologous serum, diluted homologous serum (1 part 
serum to 3 parts Tynrode’s solution), homologous amniotic fluid, Tyvode’s solution, 
and saline. The differences observed were very great. When pontamine blue 
was injected in a fivefold concentrate of rabbit serum, almost none got out through 
the walls of the lymphatics during the next 2 hours, though these vessels were 
deep blue with it; and in some instances no escape whatever took place in the hours 
during which the dye was draining away through them, that is to say before they 
became decolorized by drainage. A less considerable y'et very marked retention 
resulted when normal mouse serum was used. On the other hand, when the dye 
had been mixed with amniotic fluid or serum-Tyrode solution mixture, defim'tc 
escape through the lymphatic wall occurred in 15 minutes or less. In the experi- 
ment furnishing the photograph of Fig. 1, pontamine sky blue was injected in a 
serum-Tynrode solution mixture. With amniotic fluid and the serum-Tyrode solu- 
tion mixture, dye escape took place at about the same rate. 

\\'hen present in the lymphatics in Tyrode’s solution without serum, jxintamine 
sky blue passed into the surroimding tissue much more easily. Within 6 minutes a 
moderate perilymphatic staining was usually to be obser\’cd, such as that pictured 
in Fig, 3. Another 10 minutes saw a further spread of color. 

By far the most rapid spread of pontamine sky blue occurred when 0.9 per cent 
saline solution was used as the diluent. Almost immediately after injection this 
dye, which is notably' indiffusible, began to escape from the lymphatics. 

The foregoing facts held true of all the dy'es with which tests were 
made. The solutions emploj’cd constituted a series with decreasing 
protein concentration, and in proportion to this decrease the dye escape 
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increased. Only two protein-free vehicles were used, Tyrode’s solu- 
tion and saline. With the first of these the escape of dye was but 
little more considerable than when amniotic fluid or a serum-Tyrode 
solution mixture had been employed. When saline was used on the 
other hand, the dye escape was pronouncedly greater. It seems more 
than likely that the saline injured the lymphatic wall, rendering it 
unusually permeable. The fact is weU known that tissues perfused 
with an unbalanced salt solution rapidly become edematous. 

Dye Escape from the Lymphatics Is Conditioned by the Diffusibility 

of the Dye 

When mixtures of the various dyes were brought into the lymphatic 
channels in equimolecular concentration and in the same fluid, con- 
siderable differences in the rate of their escape could- be observed, and 
these accorded with the known differences in diffusibility of the sub- 
stances in vitro. For example, Chicago blue 6B in Tyrode’s solution 
passed through the lymphatic wall with greater difficulty than did an 
equivalent concentration of brom phenol blue, but with more ease 
than pontamine sky blue. The differences were found irrespective 
of whether the dyes were compared in amniotic fluid, serum, saline 
solution, or another vehicle. 

The method of test was as follows: — Solutions of the pontamine blue, Chicago 
blue, brom phenol blue, and Neptune blue in a single fluid were made as already 
described, and injected. The moment of first escape of dye was noted with a stop- 
watch and the general progress and character of the diffusion studied. The be- 
havior of three dyes was compared simultaneously in each of fifty animals by 
injecting all three into each ear. In fifty more animals only two injections were 
made into each ear, the behavior of two of the dyes being compared at one time. 

shifting the injection sites, local influences were controlled. This precaution, 
though employed as routine, was unnecessary since the differences in rate and 
amount of dye escape from the lymph channels were so definite as to transcend the 
effect of local factors. 

In other groups of fifty animals each, the behavior of dyes was compared when 
mixed with saline solution, mouse serum, and mouse amniotic fluid, and in serum 
diluted with 3 volmnes of Tyrode’s solution. 

The concentrations by weight of isotonic solutions of pontamine skj'^ blue and 
Chicago blue are nearl}’- similar, 21.6 per cent and 17.1 per cent. Furthermore, the 
tinctorial qualities of the mixtures tested were not verj^ dissimilar. As a result, 
reliable comparisons of the amounts of dye escape from the lymphatics could be 
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made under the microscope even after twentvfold dilution of the dj'es bj’' the vari- 
ous vehicles. 

The relativelj'' diffusible blue dyes, brom phenol blue and Neptime blue, were in 
watery isotonic solution, at about 4 per cent and 5.5 per cent respectively. I^Tien 
ese solutions were diluted twenty times with the various vehicles, to jdeld mix- 
tuTK comparable to those of the indiffusible dyes previously used, the dye-stained 
m within the l3Tnphatics appeared distinctl}' weaker in color than pontamine sky 
d'ffi blue. But despite this fact, it was easy to detect the greater 

ibilify of the coloring matter because escape from vessels containing it was so 
Early and pronounced. 

More effective comparisons of the rate of passage of the two groups of d3’^es from 
E 3'niphatics were obtained when the concentration of the dyes was increased, 0.2 
EC. or 0.3 cc. of the isotonic dye solution being added to 2 cc. of diluent. The 
resisting solutions 3delded decisive evidence of the differences in diffusibility al- 
ready described. 

results of these experiments can be summarized briefly. Pont- 
^Diine sky blue escaped from the lymphatics with more difficulty than 
3ny other of the blue dyes, and Chicago blue 6B was but slightly more 
'ffusible. Brom phenol blue, trypan red, and Neptune blue passed 
out from the lymphatics with far greater ease, the last very swiftly. 
The fact is well attested that the rate of vital staining with the acid 
yes varies with their diffusibility as determined in vitro (12). So 
too does the rate of their passage outwards through the capillary wall 
\ )• The present observations prove that the same holds true of their 
oscape through the lymphatic wall. Furthermore dyes which escape 
from the hlood capillaries with difficulty escape from the lymphatics 
With difficulty too, the ultimate limit of permeability being much the 
same for the two vascular membranes, despite the greatly differing 
ydrostatic and osmotic conditions under which they function. 

DISCUSSION 

Previous knowledge of the permeability of the minute l 3 mphatics 
has been inferential in the main, being based upon comparisons of the 
blood and of the lymph obtained from ducts of sufficient size for 
canmflation. By our method the permeability of the wall of the 
smallest lymphatics can be directly tested. But the fact should be 
stressed that this permeability is tested in the direction opposite to 
that of normal flow, — ^a flow which, in our material, the ear of the 
mouse, is by no means negligible. It will be well, before discussing 
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the findings by our method, to sum up the conditions under which 
they were obtained. In the majority of our experiments the dyes 
were injected into the tissue of the ear in approximately the same 
concentration in which they circulate in the blood when injected 
intravenously for vital staining. In this concentration they have 
proved innocuous to the vascular endothelium. The lymphatics 
draining the injected area promptly filled with the colored fluid, — 
under negligible pressure in the circumstances of the case. It was 
the secondary escape of the dyes from these lymphatics that was 
studied. Their outlines as well as the character of the escape showed 
plainly that they are, physiologically speaking, well defined, closed 
channels, a fact which accords with the prevailing view of anatomists. 

When a dye is injected into the ear of the mouse there is some 
gradual misty extension through the tissue from the region in which 
it is at first located, over and above the frank lymphatic drain- 
age. This extension is in the direction of the base of the ear and is 
apparently interstitial in nature, the most careful observation failing 
to disclose that it takes place along definite channels. The lymphatics 
demonstrated by the dye are of very considerable size, in general far 
larger than the blood capillaries, and are as big at the margin of the 
ear as at the base, and, except for the trunks at the base of the ear, 
which do not let dyes through so readily, are equally permeable 
everywhere, irrespective of their size. There is, in other words, no 
gradient of lymphatic permeability. 

It is plain that in general we have dealt, not with collecting lymph 
ducts but with the lymphatic capillaries or radicles. These take up 
dye so swiftly from an injected area that to all intents and purposes 
the latter may be thought of as giving directly into them, despite the 
evidence afforded by the experiments of an anatomical (and physiologi- 
cal) barrier. It would doubtless be possible with the finest micro- 
pipette to inject tissue without damaging the lymphatics; but under 
the circumstances of our work, and under those of injections through 
h}q)odermic needles one must suppose that some of the lymphatics 
are torn. That they do not close down like injured blood vessels but 
function at once for drainage is indicated by our findings. More will 
be said upon this theme in a later paper. 

In view of the continuous and considerable passage of fluid into the 
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spaces that there is ample time for the lymph to color like the inter- 
stitial fluid, while to higlily diffusible dyes the lymphatic wall is an 
inconsiderable barrier. Furthermore the general coloration would 
tend to obscure the lymphatics. All of the evidence that we have 
obtained supports the view that the permeability of the lymphatic 
wall resembles the permeability of the capillary wall in its essential 
features and perhaps in its degree. 

Certain observations in the course of the work suggest that some of 
the existing l3miphatic channels are not utilized ordinarily. The 
channels in question are very narrow and are unprovided with valves, 
yet are so sharply demarcated from the surrounding tissue that they 
must be considered as preformed channels. 

SUMMARY 

A technique has been developed for the demonstration of lymphatic 
capillaries in the ear of the mouse by means of vital dyes and for tests 
of their permeability under normal and pathological conditions. The 
lymphatics become visible as closed channels from which the dyes 
escape secondarily into the tissue. Some of them, cross-connections,' 
with extremely narrow lumen, would seem ordinarily not to be utilized. 

There is active flow along the lymphatics of the mouse ear under 
ordinary circumstances. The movement of dye was always toward 
the main collecting system. The valves of the lymphatics as well as 
fluid flow prevented distal spread. There was in addition slow migra- 
tion, apparently interstitial in character, but in the same general 
direction, of dots of color produced by the local injection of dye. 

The normal permeability of the lymphatics was studied with dyes 
of graded diffusibility. Their walls proved readily permeable for those 
highly diffusible pigments that the blood capillaries let through easily, 
but retained those that the latter retained. Finely particulate 
matter (India ink, “Hydrokollag”), they did not let pass. No 
gradient of permeability was observed to exist along them such as 
exists along the blood capillaries of certain organs. 

The observed phenomena of lymphatic permeability, like those of 
the permeability of the blood capillaries, can be explained on the 
assumption that the lymphatic wall behaves like a semipermeable 
membrane. 
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EXPLANATION OF PLATES 
Plate 11 

Fig. 1. Ear of a living anesthetized mouse, photographed by reflected light, 16 
minutes after the injection of 1 per cent pontamine blue solution in a mixture of 
mouse serum 1 part and Tyrode’s solution 3 parts. The plexus of Ijunphatics, 
rendered sharply visible by their stained contents, lies in the corium. Other, 
deeper lymphatics can be dimly seen. No dye has passed out from the Ijunphatics 
though these have been fuU of heavily stained fluid since the injection was made 
16 minutes before. The channels are uider than all save the largest of the blood 
vessels, which latter are visible in gray. XlO. 

Fig. 2. Ear of a living mouse photographed in situ 5^ minutes after filling the 
llTuphatics with a 1 per cent pontamine sky blue solution in a mixture of T\Tode’s 
solution 3 parts, and mouse serum 1 part. Several sharply localized ecchjTnoses 
of dye can be seen, though the channels are in general impermeable to it as yet. 
Immediately before photographing the ear a cover slip was placed over it. x8. 

Plate 12 

Fig. 3. Ear of a living, anesthetized mouse with the hmphatics contaim’ng 1 per 
cent pontamine sky blue in TjTode’s solution. 6 minutes after injection of the d 3 ’e, 
its escape into the tissues from the Ij-mphatics has just begun. XlO. 

Fig. 4. The same ear photographed 5 minutes later, that is to saj- II minutes 
after injection. The color has extended further from the hmphatics, ouing to 
progressive escape of the dye and its secondaiy- spread in the interstitital spaces 
Note that the dye escape is more rapid and diffuse than in the ear of Fig. 1 In 
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that experiment, a similar concentration of dye was injected but in a protein-con- 
taining vehicle. XlO. 


Plate 13 

Figs. 5 and 6. An increase in the concentration of dye within the lymphatics 
leads to its greater escape. The figures are to be compared with Figs. 3 and 4. 

Ear of a living anesthetized mouse, in situ, injected with a 4 per cent pontamine 
blue in Tyrode’s solution. The dye concentration was increased fourfold over that 
employed in the ear photographed in Figs. 3 and 4. The photographs were taken 
at the same time after injection, 6 minutes and 11 minutes respectively. 

There has occurred a profuse escape of dye all along the lymph channels, with a 
marked secondary distribution through the tissue during the period between the 
two photographs. X8. 
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Early in the work, the readiness -with which the permeability can be altered 
prompted us to test whether the lighting system emploj'ed in the experiments had 
any such effect. As routine, the light from a Leitz-Wetzlar arc lamp, of 4 to 5 
amperes, was filtered through 5 cm. of Magnus’ solution (2) while still 60 cm. dis- 
tant from the ear to be observed. The beam was then reflected to the object by an 
adjustable plane mirror. 

The permeability of the Ijmaphatics of ears exposed to well filtered light of high 
brilliance for 20 to 30 minutes was compared with that in others exposed to day- 
light only. No definite difference could be discerned. In the experiments the 
negligible influence of the filtered light from the arc was exerted upon experimental 
and control ears alike, since both were equall}’- illuminated. 

The Hydroslaiic Pressure of Lymph 

Evidence of an active flow in the minute l}’mphatics of the mouse’s 
ear (1) has already been given. It seemed well to investigate the 
pressures under which this flow takes place and the phenomena conse- 
quent upon obstruction. Accordingly, in a series of twelve experi- 
ments this was. done. 

An earlier paper (3) has described the utilization of small collodion bags con- 
nected with water manometers for the measurement of blood pressure in the 
smaller vessels of the mouse’s ear. The same apparatus has been utilized for 
determinations of pressure within the lymphatics. The ear of the anesthetized 
animal was placed upon a horizontal procelain plaque supported by a glass 
rod held by a Chambers device. A cylindrical collodion bag 3 cm. long and 
2 mm. in diameter lay between the plaque and the ear in such manner that the 
outer third of the ear extended be}’-ond the bag. The latter, slightly distended vith 
water, was connected with a water manometer of 0.5 mm. bore, which in turn com- 
municated with a reservoir and record syringe bj' which pressure changes were 
effected. Above the ear and the bag a transparent glass slide held by a rod in the 
Chambers device was adjusted parallel to the procelain plaque below. With a fine 
camel’s hair brush a neutral paraffin oil was then run between the ear and the upper 
platform and immediately the latter was brought down from above until it just 
touched the ear. With a little practice the adjustments were readilj'^ made and the 
zero point of pressure ascertained, while a second observ'er watched through the 
microscope. Slight increases in the distension of the bag led to a narrondng of the 
lumina of the Ijmiphatics which had previousb’- taken up the dye, and further dis- 
tension occluded them. Simultaneous readings of the manometer told the pressure 
required to effect these changes. 

Invariably in the twelve e.xperiments the lymphatics were occluded when the 
bag pressure became equivalent to that e.xerted by a column of water 2 to 4 cm. m 
height. 
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same worker holding the instrument at the same slanting angle and exerting as 
nearljf as possible the same pressure. Mouse and plasteline form both rested in 
the scale pan of a spring balance. With a little practice a pressure during the stroke 

of about 40 gm. as indicated by the balance was almost 
regularl}' exerted. Where the wire pressed upon the 
small blood vessels during the stroke, constriction oc- 
curred, leaving a barely perceptible white line. This 
rapidly disappeared and only occasionally during the 
next 2 to 4 hours could a slight narrowing, limited to 
the veins along the line of the stroke, be perceived with 
the microscope. Hyperemic flare occurred only with 
much heavier stroking. 

At various intervals after the stroking, standard pon- 
tamine solution was injected in the usual way at the 
edge of the ear to render the Ijunphatics visible. In all 
the experiments each animal received but one injection 
of it. 

Twenty-six of the animals were injected as 
soon as possible after the stroke or within 10 
minutes thereafter. Practically at once after 
the lymphatics filled with colored fluid, that is 
to say within a minute after the injection, a 
profuse escape of dye began to take place from 
them where they crossed the line of stroke. 
Elsewhere the dye was retained. The photo- 
graph of Fig. 1 shows the Ijrmphatic channels 
6 minutes after the dye had begun to course 
along them, and 16 minutes after the stroking. 
Text-Fig. 1. AVater In another group of twelve animals consid- 
^amber used for heat- erable intervals were permitted to elapse be- 
ing ^rs of an^the- stroking and the emplo}rment of the 

tized mice. With the , , . . . , ..i 

ear lying upon the glass ^ye. Two of the mice were injected with the 

bulb, water at any de- standard pontamine solution an hour after the 

sired temperature was stroking, and at half-hourly intervals during 

circulated through the next 5 hours two more were injected. The 

apparatus. Even tem- escaped from the Ijonphatics wdth the same 

peratm^ were main hour after the “tache” as immediately 

tamed for van'ing pe- . , , , , ■ „ 

riods with less than after it, and the first considerable lessening 

0.5°C. variation. in escape was noted when the interval had 
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barrier let through hemoglobin in the region of “tache,” uithin a 
minute after it appeared in them, whereas elsewhere they proved 
completely impermeable to it. 

In a previous paper (1) the occurrence of dye ecchymoses from the 
lymphatics of apparently normal ears was described and pictured. 
They had the same general appearance as those elicited by stroking 
and it seemed probable that they might be due to essentially the same 
cause. To test the point six mice were given sodium luminal as usual, 
and before complete narcosis developed, the under surface of one ear 
of each was lightly tickled until the animal responded by scratching 
the upper surface, though not sufficiently to break the skin. A few 
minutes later when anesthesia was complete standard pontamine so- 
lution was injected into the skin at the margin of both ears. In 
every case on the scratched side, dye ecchymoses rapidly developed 
along the l^unphatics, whereas none appeared on the control side. 

Ecai Increases the Permeability of the Lymphatics 

An extraordinary increase of lymphatic permeability resulted from 
the action of heat. It was applied in a variety of ways. 

In 20 instances, one ear of the anesthetized mouse was dipped in water warmed 
to temperatures between 40° and 60°C. for periods varying from a few seconds to 
5 minutes. Care was used to submerge only one ear and all other trauma was 
avoided. At varying intervals, from 2 minutes to 4 hours thereafter, standard 
pontamine solution was injected into the margin of both ears. 

In another series of experiments, to observe the inunediate effect of heat, the ear 
of the anesthetized mouse was placed upon the device shown diagrammatically in 
Text-fig. 1. A thin-walled glass bulb was moulded in a glass blower’s flame to the 
shape of a flattened blunt spearhead. This bulb had three inlets, and one of its 
flat surfaces was painted with enamel. Two of the inlets served for the passage of 
water, while into the third a thermometer was inserted. Water, at an}' desired 
temperature, could be circulated through the apparatus while the ear of the mouse 
lay upon it under the binocular microscope. The white enamel gave the desired 
background and threw the structures of the ear into sharp relief. Thus, in 22 
instances, the influence of temperatures ranging from 43-60°C. was tested on one 
ear, while the other ear lay upon a similar apparatus at room temperature. 

In a few experiments one ear of the anesthetized mouse was subjected to a jet 
of warmed dr}' air, according to a procedure already described (6). Compressed 
air was blown above a gas flame into a funnel; and the ear was e.\posed to it as it 
emerged from the 3 mm. opening at the funnel end. A thermometer dose to the 
ear gave approximate readings of the temperature. 
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The Effects of Sunlight 

The pronounced changes in the permeability of the lymphatic wall 
elicited by mild stimuli led us to test the effect of still less consider- 
able ones. 

Nine mice were injected with luminal, and an hour later, at high noon, three of 
them were placed upon a gauze pad on a table standing near an open window 
in the full sunlight of a clear October day. A sunlit thermometer lying on tlie pad 
beside the animals registered 30°C. Three other animals were placed in a black 
cardboard box, also in the sun, and resting on a warming pad. These mice, though 
sheltered from the sun’s rays, were surrounded bj^- air at a temperature similar to 
that enveloping the animals directly exposed, that is to say between 29.6° and 30.5°C. 
Still another three animals, serving as controls, lay on a gauze pad in the middle 
of the room, out of the direct sunlight and at a temperature of 26°C. 

After 15 minutes, standard pontamine solution was injected into the tissue at tlie 
margin of both ears of three of these mice, one of each group. The injections were 
made as rapidly as possible, beginning with the control mouse that had been in the 
middle of the room, and finishing with the animal exposed to sunlight. During the 
3 minutes required for the injections and tlie subsequent 15 minute observation 
period, all three mice lay out of the sunlight and at room temperature. 

The procedure was repeated at 15 minute intervals, the last mouse of the third 
batch of three having been e.xposed to sunlight for 45 minutes. 

In all the experiments dye began to escape soonest from the lymph- 
atics of the animals exposed to sunlight, although these were the 
last of each group to be injected and their Ijunphatics filled last with 
dye. In the animal exposed for 45 minutes, profuse escape of dye 
from the lymphatics occurred within 4 minutes, as compared with 17 
minutes and 28 minutes for the control from the box and the one from 
the middle of the room. Its ears showed a mild hyperemia. That 
the increased permeability was due to the sunlight and not to tem- 
perature was shown by the relatively slow escape of dye in the case 
of the mice within the box. This was slightly more rapid than in 
the animals at room temperature, but did not nearly approximate 
that in the sunlight animals. A further experiment confirmed these 
findings. 

Three further groups, each of three mice, Avere subjected to the 
conditions just described, but the ears of one group were injected and 
observed while the mice lay in the sunlight. Under these circum- 
stances the dye escape from the lymphatics was even greater and more 
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nounced than that shown in Fig. 3. The ground glass appearance 
and thickness of the ear (2 to 6 mm.) prevent good photographic 
reproduction. The control ears, as in the heat experiments, show a 
contralateral reflex hyperemia. 

The Relation of Increased Lymphatic RermcaUlity to the Development 

of Edema 

In all of the experiments involving the application of heat of 43°C. 
or over, an edema of the ear appeared. Several minutes elapsed 
between heating and the development of recognizable edema. During 
this period, both increased permeability of the lymphatics and an 
active hyperemia could be perceived. The reflex hyperemia develop- 
ing in the control ears was frequently as intense as that on the experi- 
mental side, yet only occasionally did the control ear show any edema 
and this always of a very mild degree. The blood vessels of ears 
subjected to mild heating exhibit a great increase in permeability 
as we know from previous experiments, while on the control side vascu- 
lar permeability is but little altered despite the induced hyperemia 
(6). This has also proved true on painting with xylol. Intravenous 
injections of 0.05 to 0.1 cc. of an aqueous 21.6 per cent, isotonic, solu- 
tion of pontamine sky blue were made into a few mice after the study 
of the lymphatic permeability had been completed. The small blood 
vessels both of the control and the xjdol-painted ears showed increased 
permeability, but in the latter far more than in the former. 

The Lymphatic Condition during Resorption of Edema 

What is the state of the lymphatic vessels during the resorption 
of edema? In the attempt to determine this, a procedure was sought 
which would give rise in the mouse’s ear to a uniform edema lasting 
but a few hours. It was found that heating the ear for 5 or 6 minutes 
at 45-49°C. by means of the water chamber already described sufficed 
for the purpose. The organ was examined under the microscope at 
half-hourly intervals thereafter. Within 1 hour the ears showed a 
marked puffiness and swelling which had diminished at the 3rd and 
4th hour and had quite disappeared by the next day, without signs 
of necrosis or vascular injury. The fluid had resorbed during this 
period. Some quantitative estimates were made of the amount and 
duration of the edema. 
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Similar results were obtained in all the experiments. At the time 
of dye injections, the heated ears still showed hyperemia and marked 
edema, the latter less than it had been 2 hours previously. The 
unheated ears showed slight hyperemia with a dubious or mild edema. 
In the ears of the control animals one could observe neither edema nor 
hyperemia. From the lymphatics of the latter, dye escaped in the 
usual time, whereas in the case of the heated ears of the experimental 
animals it failed to do so in twice or thrice the time. In these instances 
then, the most ready escape of dye was found in the mildly hyperemic, 
unheated ears of the experimental animals. 

From these findings it can be said, during the resorption of the 
edema dye tends to remain within the lymphatics. It is conceivable 
that a brisk fluid movement into these vessels may account for the 
failure of dye to escape from them. In the edematous ears, during 
the period of fluid resorption, the lymph capillaries which at first 
filled with dye soon after became pale and faded from view. This 
phenomenon can best be interpreted as a washing out of them by fluid 
passing into them from without. It cannot be said that the experi- 
ments throw any light on the state of the lymphatics during fluid 
resorption but they indicate a participation of these vessels in the 
removal of fluid. 


DISCUSSION 

The lymphatics have been disregarded or overlooked in much of the 
current reasoning upon fluid transport and exchange. In part this is 
due to recognition of the fact that the lymph flow from not a few 
resting organs is negligible, and in other part to the unobtrusiveness 
of the lymphatics which, unless sought for, usually escape observa- 
tion; but there is yet a third cause, namely that the means to demon- 
strate the minute lymphatics in the living creature and to study their 
physiology have not been available. In the present work the perme- 
ability of the lymphatic wall has been tested, though in the opposite 
direction to normal flow, it is true. Save when fluid is passing into 
the lymphatics in quantity (as during the resorption of edema), this 
should make little difference if, — as is ordinarily assumed for the wall 
of the blood capillary, and as the findings of our previous paper indi- 
cate, — the wall of the lymphatic behaves like a semipermeable 
membrane. 
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until it is determined the mechanism of the edema cannot be wholly 
comprehended. We have shown that the edema which results from 
obstruction of the lymphatics is attended by an increased perme- 
ability of the wall of these vessels, and that during the formation of an 
inflammatory edema the wall of the lymphatics of the area involved 
becomes greatly more permeable. There are indications that the 
permeability returns to normal before the edema disappears, but for 
reasons that have already been given, they must be considered as 

inconclusive. 

\ 


SUMMARY 

A standardized solution of a vital dye which escapes with some diffi- 
culty from the lymphatics of the ear of the mouse has been utilized 
in tests of the permeability of the lymphatic wall under various 
conditions. It has been found that this permeability is subject to 
great change. The slight pressure that suffices to prevent lymph flow 
from the ear, — an organ in which such flow goes on normally, — soon 
results in increased permeability of the obstructed lymphatics without 
as yet any perceptible dilatation of these vessels. Mechanical stimu- 
lation as for example a stroke with a blunt wire, or scratching so light 
as not to break the epidermis, results in a practically immediate, 
great increase in lymphatic permeability, which is sharply localized 
to the region pressed upon. This increase in permeability, though so 
great tliat even hemoglobin is let pass by the lymphatics, endures but 
a few hours. Warming the ear to 43°C. or exposure to mild sunlight 
increases permeability considerably. Slight chemical irritation in- 
creases it greatly, though not so much that particulate matter is 
let pass. The edema developing as result of lymphatic obstruction or 
mechanical, thermal, or chemical stimulation is preceded by and asso- 
ciated with a large increase in lymphatic permeability. 

The facts are discussed in relation to their bearing upon fluid accu- 
mulation within the tissue. It is plain that influences within the realm 
of the normal suffice to increase lymphatic permeability and that 
those which lead to edema cause a very great increase in it. In pro- 
portion as this increase occurs the lymphatics cease to be channels 
demarcated by a semipermeable membrane. It seems certain that 
the changes must be in some part responsible for the local accumula- 
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RENAL HYPERTROPHY ALTER NEPHRECTOMY. I 


complete in 40 days be given now because until that point has been 
established our conclusions as to the relation between age and com- 
pensatory hypertrophy cannot be accepted. Without it the possi- 
bility would remain that the decrease in the degree of compensatory 
hypertrophy witli advancing age might be only apparent and due to 
a slowing of the rate of increase in the weight of the remaining kidney 
in the older rats and not to any lack of ability to attain in the end to 
as great a degree of increase as is observed in the younger animals. 
And the necessity of dealing first with this point is the more stringent 



Fig. 1 

since Smith and Moise (1) have been led to a different conclusion. 
They find that compensatory hypertrophy is a process which con- 
tinues for at least 100 days after nephrectomy and their curve of the 
rate of compensatory hypertrophy never reaches any clear and definite 
maximum. However it happens that during the past 8 years we have 
collected for other purposes than those which concern this paper a 
large number of observations on the rate of compensatory hyper- 
trophy of the kidney in rats of both sexes and of all ages. The result 
has been an adequate demonstration that when 40 days have elapsed 
after the removal of a kidney the remaining kidney has reached its 
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weight of both kidneys of the control. In Table II the average results 
for each age are given. This table and the graphic representation of 
the individual observations given in Fig. 3, show how the degree of 
compensatory h3^ertrophy decreases, rapidly from S to 60 days of 
age, but thereafter very slowly as age advances. 

DISCUSSION 

Young rats eat a greater amount of food in relation to their size 
than older rats. With a constant diet such as was given to all but 


TABLE m 



Control group 

Nephrectomized group 

Age at 
opera* 
lion 

Intake 
per sq. dm. 
per day 

•Kidney weight 
per sq. dm* 

- Intake 
per sq. dm. 
per day 

•Kidney weight 
per sq. dm. 

Degree of com- 
pensatory renal 
hypertrophy 

"Food 

Pro- 

tein 

Calcu* 
la ted 
due to 
protein 
intake 

As ob- 
served 

Cor- 

rected 

for 

protein 

intake 

"Food 

Pro- 

tein 

Calcu- 
lated 
due to 
protein 
intake 

As ob- 
served 

Cor- 

rected 

for 

protein 

intake 

As ob- 
serN’ed 

Cor- 

rected 

for 

protein 

intake 

days 

gm. 

gm. 

mg. 

mg. 

mg. 

gm. 

ig 

mg. 

mg. 

mg. 

per eenS 

perctrti 

30 

3,41 

0.61 

33 

Wm 


3.30 

0.60 

66 

266 


43.8 

31.5 

60 

2.41 

0.43 

23 

wm 

Bll 

2.43 


46 

245 

199 

34.6 

26.9 

90 

2.41 


23 

181 

158 

2.50 

0.45 

50 

239 

189 

32.0 

19.6 

ISO 

2.07 

0.37 

20 

172 

152 

2.11 

0.38 

42 

225 

183 

30.8 

20.4 

270 

1.59 

0.29 

16 

164 

148 

1.70 


34 

218 

184 

32.9 

24.3 

360 

2.11 

0.38 

21 

178 

157 

2.16 


42 

219 

177 

23.0 

12.7 


1.61 

0.29 

16 

171 

155 

1.71 


34 

210 

176 

22.8 

13.5 


* One-half the weight of the two kidneys. 
** Average of last 10 days of experiment. 


the first two groups young rats get proportionally more protein than 
the older rats. A definite relation has been shovm to exist between 
the amount of protein eaten and the weight of kidney (6). Assuming 
that the protein-kidney weight formula is applicable to a single kidney 
it is possible from our food intake data to calculate what would have 
been the weight of the remaining kidney as well as of the average of 
the control kidney if the protein intake had been constant at all ages. 
The results of these calculations are given in Table III. They show 
that the essential features of the relationship are retained in spite of 
such corrections and that the decrease in compensatory- hj-pertrophy 
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as age advances cannot be ascribed to the concomitant changes in 
protein consumption. 

The concentration of water in body tissues decreases vith age. 
Lowrey (7) has determined the water concentration in the kidneys of 
rats of varying age, and from his data a curve has been constructed 
which in Fig. 4 has been superimposed on a curve of compensatory 
hypertrophy derived from our data in Table I. 



It is interesting that there should be sucli a close correspondence 
between the degree of compensatory hypertrophy and the water 
concentration of the kidney at the time of nephrectomy. The agree- 
ment favors the view tliat the changes we observe are a special in- 
stance of the general decrease in growth capacity in the body as it 
grows old and that the design of any experiments made in the attempt 
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to elucidate the mechanism underlying these changes should be based 
on the general results of the study of senescence. 

CONCLDSION 

Compensatory hypertrophy of the kidney in albino rats becomes 
less as age advances. There is a rapid decrease from 5 days to 60 days 
of age and then a slow diminution throughout adult life. 
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as age advances cannot be ascribed to the concomitant changes in 
protein consumption. 

The concentration of water in body tissues decreases with age. 
Lowrey (7) has determined the water concentration in the kidneys of 
rats of varying age, and from his data a curve has been constructed 
which in Fig. 4 has been superimposed on a curve of compensatory 
h 3 ^ertrophy derived from our data in Table I. 



DAYS 

Fig. 4 


It is interesting that there should be such a close correspondence 
between the degree of compensatory hypertrophy and the water 
concentration of the kidney at the time of nephrectomy. The agree- 
ment favors the view that the changes we observe are a special in- 
stance of the general decrease in growth capacity in the body as it 
grows old and that the design of any experiments made in the attempt 
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per cent transplants were successful and one tumor was in its tenth passage at the 
time of ^v-riting (1931). 

Maisin and Dupuis (59) obtained sarcomata of enormous size in cocks and 
hens by intravenous injections of ionium, in combination with injection into the 
pectoral muscles of embrj'onic extracts. With injections of embrj'onic extract 
alone, or with arsenious acid, they could not produce tumors. One of the tumors 
metastasized; they did not succeed in transplanting them. Schiirch and Uehlinger 
(60) implanted a needle containing 1 microgram of radium under the periosteum 
of the jaw'-bone of a rabbit and allowed it to remain for 20 daj's. After 1 J j-ears 
an osteogenic sarcoma developed, limited to the periosteum; it was made up of 
osteoblasts, and contained newly formed masses of bone and many multinuclear 
giant cells. 

The literature considering the effects of radium on cancer cells in human cases 
will not be reviewed. It can be followed in the studies of Ewing (61), in the series 
of review’s published in the Archives de Vlnslitnl dti Radium (Vol. 1, Paris, 1927, 
to date), and in the files of the Slrahlentherapic (Berlin, 1912, to date). 

From the references here reported it is clear that radium has a 
destructive effect on the blood-forming organs; that the Ijmph nodes 
are more sensitive than the bone marrow; that there is a period of 
stimulation during which there is a relative increase in IjTnphocytes 
combined with a leucopenia; that the anemias tend to be of the pri- 
mary type, associated with an increase in immature cells in the mar- 
row; and lastly that radioactive substances produce malignant tumors, 
both sarcomata and carcinomata, some of which metastasize and can 
be transmitted in series. 

In 1926 we began to study the effects of radioactive substances 
on the cells of the blood and connective tissues in rabbits. Through 
the courtesy of Dr. Frederick B. Flinn of Columbia University, radium 
chloride and mesothorium were obtained from the United States 
Radium Corporation. These compounds were put up in sealed am- 
poules of such a strength that 2 cc. of normal salt solution contained 
about 5 micrograms of the active material. In Januarj’, 192S, the 
strength of the material was tested for us by Dr. Alice H. Armstrong 
of The Rockefeller Institute and at that time an ampoule of radium 
chloride contained the equivalent of 5.1 micrograms of radium, and 
one ampoule of mesothorium, 7,7 micrograms. The dose of the mc.'o- 
Ihorium was also greater because it is knowTi that it gives off 5 alpha 
particles to 4 from radium chloride. 
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losses were regained only after a considerable interval. There were then several 
reports of the study of the blood after exposure to radium (29-37) and recently 
it has become clear that the anemia due to radium may be of the primary type 
(27, 38-43). 

The recent introduction of the use of luminous paint into industr)’’, 
as well as the sale of radiated waters as tonics, has brought danger to 
another group of people from exposure to radioactive substances. 

In 1929, Martland (44) gave the historj' of the industrial hazard involved in the 
painting of dials. Starting in Switzerland, the industry was transferred to this 
country, and in 1922, 1923, and 1924 there were deaths of dial painters unrecog- 
nized as due to radioactive materials. In 1924, Blum reported a case of necrosis 
of the jaw in one of the dial painters. There followed a series of studies of the 
people exposed to radium (45-52) in this industr}^ The earh-- cases in this in- 
dustrial group died of necrosis of the jaw; now, 8 yea.TS after the first reports, 
some of the cases have died with osteogenic sarcomata and some of those living 
have this condition, as determined by X-ray photographs. Flinn and his co- 
workers (49-52) have made special studies of the methods of detecting the presence 
of radioactive material in the living subject and measuring its amount. They 
have measured the rate of excretion and have tested methods of increasing this 
rate and determined the degree of safet}’- of their application. 

The development of osteogenic sarcomata in the human cases has increased the 
interest in the experimental production of tumors by radioactive substances. 
The first report of the production of osteogenic sarcomata in animals was published 
in 1910 by Marie ci al. (53) ; the}'- attempted to reproduce X-ra}’’ burns in animals 
to see if they would ultimatel}'- give rise to the same malignant reaction found in 
the X-ra}^ operators. They exposed four rats to repeated small doses of X-ra.vs 
for a period of several weeks. After 6 months one of them developed an ulcer 
which, 9 months later, suddenly became sarcomatous. The tumor showed active 
growth and invasion, but did not metastasize. In 1924, Bloch (54) reported the 
experimental production of epitheliomata of the ear in two rabbits by repeated 
exposure to X-rays. He succeeded in transplanting one of these tumors into 
another rabbit. The next year, Goebel and Gerard (55) reported the production 
of a neoplasm in one guinea pig out of twenty after repeated exposure to X-rays 
during 15 months. Daels and his coworkers (56-58) have made the most exten- 
sive studies of the experimental production of neoplasma with radioactive sub- 
stances. They have produced sarcomata, some containing bone, and carcinomata 
of the bile ducts and the mammarj' glands. In all they have produced 10 sar- 
comata in 144 treated rats, 5 tumors in 80 treated mice, and 8 tumors in 191 treatc 
guinea pigs. Of the 23 tumors, 19 followed the use of radioactive materials 
alone; the others developed after the use of a combination of radium and arsenious 
acid. One of the rat tumors was transplanted into 27 other rats; from 90 to 
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EXPERIMENTAL 

Nine rabbits were used for the experiment, five of which received 
radium chloride and four mesothorium. The injections were given 
intravenously once a month. The blood cells were counted once a 
week. The differential counts were made with the supravital tech- 
nique, except during July and August, when they were made from 
fixed films. The changes in the lymphocytes are shown in Graph 2, 
in the red cells in Graph 3. The graphs are all on logarithmic paper. 
Only the seven animals that lived long enough to show these changes 
are included. All of the records opposite the numbered months are 
averages of the 4 counts. The average of the counts before any injec- 
tion is shown on the upright line at the left. It represents from 5 to 
15 counts covering from 1 to 4 months. For Rabbit R 21F there was 
only 1 preliminary count, 2,222 lymphocytes and 5,350,000 red cells, 
because this animal was substituted for one that died after one injec- 
tion. From three to five injections were given in the spring, as shown 
on the graphs; then there was an interval of 3 or 4 months without 
injections which were resumed in September or October. All of the 
animals receiving the second series of injections, except R 211, which 
was killed in December, received an extra injection in January, 1928. 
One animal died 25 days after one injection; a second was killed after 
three injections (Graph 1); the other seven were killed at intervals 
varying from 11 to 19 months after the first injection. Eacli animal 
was killed when signs of some damage became evident, such as a frac- 
ture or marked weakness. The animals receiving the radimn chloride 
survived the longest and showed fewer signs. The following are the 
protocols. 

Rabbit R 134 was pregnant and 15 dai^s after an injection of radium chloride 
gave birth to four young. It died 10 daj'’s laterj the autopsy revealed edema of 
the lungs and extensive hemorrhages into the bone marrow and into the follicles 
of the spleen. 

Rabbit R 210 received three injections of radium chloride. 6 days after the 
second injection, the temperature rose; 9 days later, the white blood cells had 
started to rise and in 2 weeks had reached 25,000 cells per cubic millimeter, without, 
however, any change in the percentages of any of the different strains (Graph 1). 

^ These are serial numbers of the work of the department covering a term 
of years. 
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Then the neutrophilic leucocytes rose to 81 per cent and the lymphocytes fell 
to 11 per cent. There was no corresponding rise in the red cells nor change in 
hemoglobin. Except for the one count of 5,326, the lymphoc 3 ’'tes were normal. 
These changes in the blood cells were due to an abscess on the back, on account of 
which the animal was killed 75 days after the first injection. It was in a good 
state of nutrition, considering the size of the abscess and the fever; it had gained in 
weight from 1,840 to 2,240 gm. 

The bone marrow and the spleen reflected the presence of the abscess. The 
erj^throid series in the marrow of femur, tibia, and humerus was represented by the 
usual masses of normoblasts. The fat had not been shifted out of the marrow, 
but the interstices between the fat cells were hj'perplastic, due to an increase in 
neutrophilic B myeloc 3 ’'tes (62) . The 3 ' were in active division and there was some 
increase in m 3 ''eloblasts. In the sinuses of the spleen there was marked destruc- 
tion of leucocytes ivithin clasmatocytes and small masses of plasma cells in their 
neighborhood. There were also small groups of m 3 'eloc 3 des, some of them in 
division. The l 3 ’’mphoid foUicles of the spleen and the mesenteric l 3 ’’mph nodes 
were normal. The peripheral Wmph nodes, on the other hand, were so markedly 
h 3 ^perplastic that almost no distinction could be made between follicles and sinus, 
as is clear in Fig. 1. The h 3 j)erplasia was due to the primitive cells ratlier than 
to any increase in mature tymphocytes. This accounts for tlie predominantly 
gra 3 ’- tone of the photograph, and is especiall 3 ' well shown in the lower follicle at 
the right which even lacks the rim of darkty staining small lymphoc 3 'tes. The 
centers of all the follicles were filled with primitive cells, manv of them in division 
(Fig. 2). 

The protocols of the next five rabbits tvill be considered togetlier. 
Three of them, R 157, R 171, and R 175, received the mesothorium, 
and two, R 133 and R 136, the radium chloride. 

Three of these rabbits, R 136, R 171, and R 175, showed a marked shift in the 
tymph nodes from mature tymphoc 3 "tes to a predominance of bTOphoblasts. For 
example, in Fig. 5 is shown a small segment of a periplieral follicle from Rabbit 
R 171, in which the increase in the deepb’’ staining lymphoblasts is clear. This 
reaction was even more marked in the tymph cords in certain nodes where all of 
the cells were small tymphoblasts. Wiseman (63) has shown that b^mphoblasts 
may be small or intermediate or large cells. In all of these animals some of the 
nodes were markedly atrophied, as is shown in Fig. 3, Rabbit R 136. Figs. 1 
and 3 are to be contrasted; they are from comparable nodes and are at the same 
magnification. In Fig. 1 is shown the phase of stimulation after three doses of 
radium chloride, and in Fig. 3 the aplasia following fourteen doses. A complete 
absence of b^ph cords, such as is shown in Fig. 3, gave to many of these nodes a 
cystic appearance at autops 3 ^ In the figure it will be noted also that there was a 
marked reduction in the peripheral follicles. The mesenteric nodes in some in- 
stances were represented by tiny nodules, some of them containing foUicles but 
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others only l}Tnphatic sinuses; these sinuses were identified by their endothelial 
cells which were loaded with the yellow pigment negative for iron, so charac- 
teristic a structure of the mesenteric nodes in rabbits. In one rabbit (R 171) 
some of the peripheral nodes could not be found. Fig. 4 illustrates a condition 
of great importance, namely, the marked damage of the stem cells; it is from a 
peripheral node of R 157. The darkly staining cells are not honphoblasts, but 
normal lymphocytes which were printed dark in the photograph in order to show 
the pale damaged cells at all; In the supravital preparations from the nodes of 
this animal, both mesenteric and peripheral nodes showed a great reduction in all 
cells; those present were of two tj^pes, tj’pical, normal, small hTnphocjdes and a 
second described as of the size of small Ijunphocytes but with an irregular C3’to- 
plasmic border and a nucleus in which no structure could be made out, e.vcept a 
dense nuclear membrane. In Fig. 4, these cells are readilj' identified as the so 
called pale cells of the follicles, or the stem cell of the IjTnphocj'te. They are 
marked with arrows in Fig. 4 and are to be compared with the normal cell of the 
same type, also marked by an arrow, in Fig. 2. 

The spleens in these animals showed for the most part a reduction in the h-mph- 
oid follicles, except in R 133, in which the follicles were in the state of h\'perplasia 
illustrated for the Ijmph nodes in Fig. 1. In the sinuses there was a marked in- 
crease in iron-containing pigment. 

The bone marrows were so mottled in appearance that the change is readih’ 
made out in sections with the unaided eye; this appearance is due to areas of 
aplasia alternating with zones which were either normal or in which there had been 
some shift toward the immature stages of the erj'throid series. There was a 
change in the megaIokar 3 'OC 3 'tes consisting in a large number of deeph' basophilic 
nuclei almost completely denuded of cytoplasm; in one animal (R 157), 53 per cent 
of the megalokarj'ocytes were of this U^pe. They ma\' be considered as repre- 
senting a shift toward immature stages of these cells. In almost ever>' instance 
there was a marked change in the fat cells, consisting in a shrinkage due to the 
loss of fat from the cytoplasm. The bone marrow also showed phagocytic cells 
filled with pigment containing iron. There were certain special conditions not 
found in everj' animal, atrophj' of the thj-mus, multiple abscesses, cdironic broncho- 
pneumonia, and certain changes in the liver. The changes in the liver consisted 
in hemorrhages, in a specific t 3 -pe of damage to the nuclei of the liver cells to be 
described in detail for Rabbit R 21 1, and in atroph 3 -. Two of the rabbits shmving 
marked damage of the liver had profound weakness of the muscles or paralvses 
without signs of damage to the central ncreous S3’stera, 

Rabbit R 157 showed a complete consolidation of the upper lobes of both lungs 
There had been a brondiopncumonia and large abscesses alternated with zones in 
which there had been new growth of bronchi and of the connective tissue septa 
so extreme as to suggest a tumor. The ca\ities of the abscesses contained leuco- 
cytes and debris staining like lime sails. The zone showing the most marked 
changes in brondiial epithelium is illustrated in Fig. 10. Only a small ron- of 
typical bronchial epithelial cells (.-\rrow .-V) identifies this section as lung. Oppo 
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site Arrow B is a solid mass of bronchial epithelium, suggestive of a tumor, but we 
interpret the condition as due to chronic inflammation. 

All of the animals showed a loss in weight ranging from 300 to 680 gm. during 
the period of the final fall in l 3 'mphoc 3 'tes. 

Rabbit R 117 was one of the two animals which developed an osteogenic sar- 
coma. The animal had a litter of five j'oung after the third injection and another 
litter after the sixth. During the period of the l 3 'mphopenia (Graph 2), the baso- 
phils fell and there was a loss of 680 gm. in weight. All of the bones, including the 
skull, were radioactive. The bones were tested for us b 3 ’’ Dr. Armstrong, both 
in the fresh state and after being dried and ground. 

The lymph nodes were all smaller than usual and looked cystic. The liver was 
small and the tlwmus markedly atrophic. The spleen was slightl 3 ’' larger than 
normal and weighed 1.6 gm. The most interesting changes w’ere in the bones. 
All of them were extremel 3 ^ brittle. In the marrow' of the left humerus there W’as 
a small w'hite placque near the epiph 3 'sis which proved to be a sarcoma (Fig. 7). 
There W'ere many vessels betw’een bone and marrow. The right humerus show’ed 
more profound changes; this marrow w'as more markedl 3 ' adherent to the bone, 
but was cut out and represented a calcified cast of the marrow cavit 3 '. It showed 
no blood formation, no supravital preparations could be made, and the mass was 
put aside for decalcification. The marrow's of the radii and ulnae were gelatinous 
and showed more blood formation than is usual in these bones. The femoral and 
tibial marrows were likew'ise gelatinous; the distal end of the tibia being most 
markedl 3 ' so and as usual almost aplastic. The active marrow in these bones was 
deep red and showed the same increase in blood vessels between marrow' and bone 
as in the humeri. Counts of marrow cells of the active areas w’ere normal in the 
proportion of er 3 'throid to myeloid cells (64, 65), and there had been no shift to 


immature forms in either myeloid or er 3 'throid series. 

Figs. 7 to 9 show the tumor of the humoral bone marrow. In Fig. 7 is the 
nodule and its border at a magnification of 120 diameters. The tumor, as show'n 
in the left half of the photograph, was relativel 3 ' uniform, made up predominantly 
of the sarcoma cells, but there w'ere remnants of the sinusoids marked by peri- 
vascular clasmatocytes filled W'ith iron-containing pigment; there w'ere also a few' 


m 3 'elocytes, some of them in division. The nuclei of tumor cells varied in size 
but not in t 3 'pe (Fig. 8); their chromatin w’as in fine particles along the limn 
framework; the 3 '- had conspicuous basophilic nucleoli. Many of the nuclei were 
in division, as is sho^vn in Fig. 8. The border of the tumor show'n on the right 
side of Fig. 7, and at higher magnification in Fig. 9 showed the invasion of the 
tumor cells into the marrow. In this zone the marrow w'as h 3 'perplastic due to 
a marked increase in neutrophilic leucocytes. This is clear in Fig. 9, where the 
characteristic tumor cells marked b 3 ' arrows are shown between the marrow' cells 


w'hich are predominantly leucoc 3 'tes. 

There was also a tumor in the left axilla, about 2 J x 1 x 1 cm., w’hich w'as made up 
of cells like those of the sarcoma of the marrow. In supravital preparations the 
cytoplasm showed no reaction to neutral red, as is characteristic of tumor cells. 
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proportion of erytliroid elements, 1,023 er 3 ^throid to 990 myeloid. Of the eryth- 
roid cells, there was an increased proportion of the early erythroblasts (18 per cent), 
with late erythroblasts 29 per cent and normoblasts 52 per cent. The early 
erythroblasts were described as very large cells which were entirely typical. 31 
per cent of the megalokar 3 'oc 3 '’tes were of the t 3 ’'pe alread 3 f described, represented 
by deeply staining nuclei, apparently denuded of cytoplasm. Some of the less 
darkly stained nuclei showed marked signs of damage to the chromatin. 

All of the l 3 TOphoid tissues including the follicles of the spleen, the mesenteric, 
and the peripheral nodes were small but in sections were h 3 T)erplastic, owing to 
the same marked stimulation of the primitive cells seen in Rabbit R 210. None 
of these cells, however, were in division, and both in the spleen and in tire lymph 
nodes there were large masses of them, shorving a peculiar t 3 "pe of necrosis. This 
process involved only the pale stem cells. The reaction is illustrated in Fig. 6 ; 
in the photograph the nuclei are so pale that they are difficult to differentiate and 
in the section stained with hematox 3 din and eosin the entire area had a slate blue 
color. The cells look as if there had been a complete solution and diffusion into 
the tissues of the stainable matter of the nuclei. This is the only animal in which 
such e.xtensive necrosis of l 3 TOphoid tissues was found. In the mesenteric nodes 
there were large areas covering several lorv power fields showdng this necrosis; 
some of the small peripheral nodes were corapletel 3 ’' involved and the entire thymus 
showed the reaction. Besides this reaction in the lymphoid tissues, there was a 
similar extensive damage to the liver cells. Most of the cells of this organ showed 
the same slate blue color of tlie C 3 'toplasm with signs of damage to the chromatin 
of the nuclei; but the nuclei were much less depleted of chromatin than those 
of the primitive cells of the 13 ’^mphoid tissues. 

DISCUSSION 

In this series of experiments a number of phenomena have been 
observed: marked changes in the Ijnnphoid tissues eventually reg- 
istered by a lymphopenia; a slight anemia associated with a destruction 
of red blood cells and, within the limits of this experiment, with only 
minimal changes in the bone marrow; atrophy of the thjmius; a damage 
to the liver cells and a reduction in size of this organ; the frequent 
development of abscesses; one spontaneous fracture; and in two in- 
stances the development of osteogenic sarcomata. Throughout this 
discussion it is to be borne in mind that the number of animals used 
was small. 

All studies on the biological effects of radioactive substances show 
that the dose is an important factor; as shown in the literature, de- 
pending on the dose, the effects have ranged from conditions in which 
onl}'^ lymphoid tissues have been altered (44) to death in a short time 
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lymphocytes in this animal to reflect the hyperplasia of the primitive 
stem cells shown in Fig. 1. 

In Graph 2 it will be seen that during the initial 5 months in whicli 
the primitive cells of the lymph nodes were stimulated, three animals 
show a rise in lymphocytes, three a fall, and one no cliange. Thus 
there was no constant early reaction of the Ijnnphocytes in the blood 
which may have been due to variations in the condition of the different 
Ijnnph nodes. 

All of the graphs show a rise in lymphocytes during the summer 
months. There are two factors to be considered in relation to the 
rise in lymphocytes in summer; for July and August the differential 
counts were made on fixed films and it is our experience that lympho- 
cytes run on an average 4 per cent higher in counts made vdth fixed 
films than in counts of the living cells (68). In every instance, the 
first counts of lymphocytes, taken before the second series of injec- 
tions was started, were lower than the counts in August. These 
points make the rise during the summer months of less significance as 
an effect of the injections of radioactive material. 

Every graph shows that there was a final, significant, and steady 
fall in lymphocytes covering in general the period of the second series 
of injections. The study of the tissues for each animal has shown 
that the Ijmph nodes finally exliibited a marked shift to the Ijmpho- 
blast and a depletion of the nodes due to a failure of the stem cells to 
replace lymphocytes. 

The final period of the more precipitous fall in lymphocytes, covering 
the 3 or 4 months before each animal was killed, has been in each in- 
stance correlated with a loss in -weight in the animals. They all 
showed a gain in weight during the early months of the experiment, 
probably due to the better feeding of the animals which w’-ere all 
bought from dealers and not bred in the laboratory. Four were 
females and of them three gave birth to young during the e.xperiment. 
The loss in weight which is associated with the period of depletion of 
the lymph nodes is of great significance in connection with the studies 
of the relation of lymphocytes to resistance to cancer and to tubercu- 
losis (9-26, 69, 70). Thomas (71) has found in a study of a series of 
tuberculous rabbits that in the final period of broken resistance there 
is a loss in weight which is proportional to the fall in Ijnnphocytes. 
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RADIUM CHLORIDE AND MESOTHORIUM INJECTIONS 


Fig. 2. Center of one of the peripheral follicles of the same node as in Fig. 1, 
to show the predominance of large pale cells and the number of them in division. 
Stained in hematoxylin and eosin. X 1,000. 

Fig. 3. Cervical lymph node of Rabbit R 136, killed 22 days after the fourteenth 
intravenous injection of 5.1 micrograms of radium chloride, to show the stage 
of depletion of the nodes. Stained in hematoxjdin and eosin. X50. 

Fig. 4. Mesenteric lymph node from Rabbit R 157, killed 5 days after the 
twelfth intravenous injection of 7.7 micrograms of mesothorium, to show tlie 
damage to the stem cells, which are indicated by arrow. The normal small 
Ijmiphocytes are printed ver}'' dark in order to bring out the pale nuclei of the stem 
cells. Stained in hematoxjdin and eosin. X 1,000. 

Fig. 5. Peripheral lymph node of Rabbit R 171, killed 15 days after the twelfth 
injection of 7.7 micrograms of mesothorium to show the decrease in mature 
Ijunphocytes and the increase in lymphoblasts in a peripheral follicle. Stained 
in Giemsa. X270. 

Fig. 6. Mesenteric lymph node of Rabbit R 211, killed 22 days after the sixth 
injection of 7.7 micrograms of mesothorium, to show the damage to masses of the 
stem cells in a peripheral follicle. The small dark nuclei are of normal small 
lymphocjdes. Stained in hematoxylin and eosin. X 1,000. 

Plate 17 

Fig. 7. Sarcoma in the bone marrow of the left humerus of Rabbit R 117, which 
was killed 41 days after the fourteenth injection of 5.1 micrograms of radium 
chloride. The left half of the figure is the sarcoma; the right half shows the zone 
of invasion of the bone marrow by the tumor cells, with more normal bone marrow 
at the extreme right. Stained in hematoxjdin and eosin. Xl20. 

Fig. 8. Section from the center of tlie sarcoma seen in Fig. 7, to show the char- 
acter of the tumor cells, one of which is in division. Stained in hematoxylin 
and eosin. X 1,000. 

Fig. 9. Section through the edge of the sarcoma seen in Fig. 7, to show the 
tumor cells, marked by arrows, invading tlie marrow between masses of myelo- 
cytes, leucocytes, and megalokarjmcytes. Stained in hematoxylin and eosin. 
X 1,000. 

Fig. 10. Section of the lung of Rabbit R 157, killed after the twelfth intrave- 
nous injection of mesothorium, to show the complete absence of air sacs and the 
proliferation of bronchial epithelium due to a chronic inflammatory process. 
Arrow A — bronchus; Arrow B — membrane of bronchial epithelium. Stained in 
hematoxjdin and eosin. X200. 


Plate 18 

Fig. 11. Section of a sarcoma which almost completely replaced the bone 
marrow of the right femur of Rabbit R 211, killed 22 days after the sixth injection 
of 5.1 micrograms of radium chloride. Stained in hematoxylin and eosin. Xl20. 
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sera showed skin-preparator}’- potency. However, the antit}T)hoid 
horse serum was stored in these laboratories for 2 years and, although 
it was found sterile at the time of the tests, it might have been con- 

TABLE I 

Sera Tested for Skiit-Prcparalory Factors 


Sera injected ir.tradermally 


Comm, antityphoid horse serum 

3 antityphoid rabbit sera* 90, 78, 59 

2 batches of pooled normal rabbit sera 

Pooled sera of rabbits injected with tj-phoid 

fltr. kwt. immediately before bl 

Pooled sera of rabbits injected with tj-phoid 

fltr. 3 cc. kwt. 24 hrs. before bl 

Serum of rabbit injected with coli fltr. 3 cc. 

kwt. 4 hrs. before bl 

Serum of rabbit injected with typhoid fltr. 

3 cc. kwt. 3 hrs. before bl 

Serum of rabbit injected with typhoid fltr. 
2 cc. kwt. twice 24 hr. interval; bleeding 2 

hrs. after 2nd injection 

7 antityphoid goat sera* 

Mount Sinai antitj'phoid sera of Horses* 2, 

3, 4, 5 and 6 

B. H. tj'phoid diagnostic serum 

2 batches anti-shigae rabbit serum 

2nd wk. typhoid pt. serum 

23 batches comm, antimeningococcus horse 

scrum 

2 diagnostic B. H. Pneumococcus^ sera 

B. H. therapeutic Pneumococcusj Serum 

930 

B. H. therapeutic Pneumococcus; Scrum 

28/934 

B. H. ther.apeutic Pneumococcuss serum 

Comm, antimening. cone, scrum 

Mount Sinai antiu-phoid cone, horse scrum. . 


Total No. 
of areas 
tested 

No. of 
negative 
reactions 

No. of 
doubtful 
reactions 

No. of 
positive 
reactions 

12 

0 

0 

12 

32 

32 

0 

0 

36 

36 

0 

0 

4 

0 

0 

4 

16 

16 

0 

0 

12 

12 

0 

0 

12 

12 

0 

0 

16 

16 

0 

0 

28 

27 

1 

0 

20 

20 

0 

0 

16 

16 

0 

0 

24 

24 

0 

0 

12 

12 

0 

0 

180 

178 

2 

0 

20 

20 

0 

0 

16 

16 

0 

0 

20 

0 

0 

20 

20 

4 

0 

16 

8 

4 

0 

4 

16 

0 

00 

16 


kwt. = per kilo of body weight. B.H, = New York Board of Health, bl. = 
bleeding, fltr. = filtrate, pt. = patient, comm. = commercial, cone. =• 
concentrated. 

* Bleedings obtained at various stages of immunization were selected for these 
tests. 
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taminated sometime duiing its prolonged storage and resterilized by 
the preservative. It is also clear that chemically concentrated sera 
are grossly contaminated during the treatment. As a matter of fact, 
the Mount Sinai antityphoid concentrated serum prepared in these 
laboratories (3) when cultured a number of times during the process of 
concentration proved consistently to be heavily contaminated by a 
variety of microorganisms (f.c., B. proieus, coli, subtilis, staphylo- 
coccus, etc.) prior to the routine addition of 0.6 per cent tricresol 
and ether mixture. The majority of these bacteria are capable of 
producing toxic substances of high skin-preparatoiy- potency (4). 
Moreover, the rabbit serum obtained by heart puncture immediately 
after intravenous injection of as much as 4 cc. of B. typhosus culture 
filtrate, per Idlo of body weight, also possessed a definite skin-prepara- 
tory potency. On the other hand, no skin-preparatory factors were 
foimd in a great variety of normal sera, immime sera of various animals 
obtained during different stages of immunization and sera of rabbits 
injected v/ith large doses of toxic filtrates some hours before bleeding, 
all of which were collected under sterile precautions and properly 
preseiA’^ed. 

Testing of Sera for Reading Factors . — Rabbits were prepared by one intradermal 
injection of 0.25 cc. of a potent B. typhosus “agar washings” filtrate (2). 24 hours 
later the 3 ’' received each a single intravenous injection of the serum tested. The 
reactions were read 4 to 5 hours later. Each senun was tested in a group of three 
rabbits, unless stated otherwise. 

The follo3\4ng sera tested in doses per kilo of body weight, indicated 
below, were found totally devoid of reacting potency. 

(1) Normal human serum, 1 cc.; (2) antimeningococcus horse 
Serum H 7 BI 105 , 3 cc.; (3) antimeningococcus rabbit Senun Sio, 1 cc.; 
(4) antimeningococcus rabbit Serum S:i;, 1 cc.; (5) antimeningococcus 
horse Senun 2 cc.; (6) normal rabbit serum, 2 cc.; (7) normal 

guinea pig serum, 2 cc.; (8) normal rat serum, 2.5 cc. of 1: 10 dilution; 
(9) normal chicken serum, 1 cc.; (10) antitj'phoid immune chicken 
serum, 1 cc.; and (11) pooled serum of rabbits injected intravenously 
vith 2.5 cc. of B. typhosus culture filtrate, per kilo of body weight, 

3 hours before bleeding, 5 cc. (tested in four rabbits). 

The commercial antit\'phoid horse serum above referred to which 
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The results which represent readings of three surviving rabbits for 
each preparation tested, were entirely negative. 

Testing of Precipitates for Reacting Factors 

Each rabbit received a single intradermal injection of 0.25 cc. of undiluted 
B. typhosus “agar washings” filtrate and 24 hours later an intravenous injection of 
1 cc. of the suspension of precipitate tested, per kilo of body weight. There were 
no deaths following these injections. The results are recorded in Table II. In 

TABLE II 


Reacting Potency of Various Sera Precipitates 




Proportions of precipitinosen- 
cont.nining serum and 
precipitating antiserum 
in mixtures 

1 Results with 
precipitates 

Precipitinogen-containing 

scrum 

Precipitating antiserum 

Total No. 
rabbits 

Positive 

rabbits 

1 Negative 

1 rabbits 

Normal horse serum 

Anti-horse rabbit 
Serum R I 

0.33 cc. 4-0.66 cc. 

3 

3 

0 

<( it <( 

Anti-horse rabbit 
Serum R II 

0.33 “ -t- 0.66 “ 

3 ~\ 

2 

1 

i( it it 

Anti-horse rabbit 
Serum R III 

0.66 “ + 0.33 “ 

3 

2 

1 

Comm, antimeningococ- 
cus horse Serum hlis 

Anti-horse rabbit 
Serum Rjst 

0.66 “ -t- 0.33 “ 

3 

3 

0 

Mount Sinai antityphoid 
horse Serum H 4 BI 232 

it it 

0.66 “ + 0.33 “ 

3 

2 

1 

hlount Sinai antityphoid 
horse Serum HiBlits 

Anti-horse goat Sc- 
rum Gi 65 

1 cc. -f- 1 cc. diluted 

1:5 

3 

2 

1 

hlount Sinai anti-co/i 
horse Serum HjoBlus 

Anti-horse rabbit 
Serum Rjss 

0.66 CC. +0.33 cc, 

j 

3 

3 

0 


comm. = commercial. 


this table, the e.\pression “positive rabbit” means that there was obtained in the 
rabbit’s prepared skin site a severe hemorrhagic and necrotic lesion 4 to 5 hours 
after the intravenous injection. The lesions, whicli were intense in the majority 
of positive rabbits, were characteristic of the phenomenon of local skin reactivity 
to bacterial filtrates (6). By “negative rabbit” is meant absence of skin reaction 
following the intravenous injection. 

As is seen from Table II, suspensions of precipitates derived from 
mixtures of precipitinogen-containing serum with precipitating anti- 
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serum possess a high reacting potency. The active preparations can 
be obtained from combinations of some normal animal sera with homol- 
ogous antisera, as well as from combinations of sera of animals im- 
munized with bacterial antigens with antisera against normal sera of 
the same ammal species. 

Titration of Reacting Potency of Precipitates 

In these esperiments, the precipitates were derived from mixtures of anti- 
meningococcus anti-human horse sera with normal human sera, in proportions of 

TABLE in 


Tilralion of Reacting Potency of Serum Precipitates 


Date of 
preparation 

Prccipitinogcn- 
coataining serum 

Precipitating antiserum 

Dilution of 
precipitate 
stxspension 

Ji 

eS 

® s 

d 

M r. 

g-® 

s 

eS 

O 

C 

tf: 

.*5 

o 

2 

3 

3 

. <3 

o *- 
Z 

No, of positive 
rabbits 

May 8, 1931 

Pooled normal 
human sera 

Antimeningococcus 
anti-human Serum 
HjBla* 

Undiluted 

3 

1 

0 

2 

“ 8,1931 

U 

u 

it 

tt 

1:10 

3 

1 

0 

2 

“ 8, 1931 

« 

it 

ft 

ft 

1:50 

3 

2 

0 

1 

“ 8, 1931 


it 

ft 

U 

1:100 

3 

3 

0 

0 

June 20, 1931 

Normal human 

serum 

if 

tt 

UndDuted 

3 

2 

1 

0 

“ 20, 1931 

« 

it 

if 

tt 

1:5 

3 

3 

0 

0 

July 23, 1931 

« 

it 

ft 

it 

Undiluted 

3 

2 

0 

1 

“ 23, 1931 

« 

ii 

ft 

“ 

1:5 

3 

3 

0 

0 

“ 29, 1931 

tf 

a 

Antimeningococcus 
anti-human horse 
Scrum HtBIjh 

Undiluted 

3 

0 

0 

3 

“ 29, 1931 

(t 

it 

(( 

C( 

1:5 

3 

3 

0 

0 


0.9 to 0.05 cc., respectively. The predpitales obtained in the manner described 
above gave highly turbid suspensions and had a tendenc>- to settle on the bottom 
of the test-tube. The aggregates were easily broken up by shaking. The dilu- 
tions 1:5 and 1 : 10 of these suspensions were also quite turbid. In dilution 1 :S0 
the turbidity was slight and in dilution 1 : 100 the fluid was clear. Various dilu- 
tions of the suspensions were tested for reacting potency in rabbits prepared with 
B. typhosus “agar washings” filtrate. The tests were made in the course of the 
week following the preparation of the suspensions. The residts are reported in 
Table III. 
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The results wliicli represent readings of three survi\dng rabbits for 
each preparation tested, were entirely negative. 

Testing oj Precipitates for Reacting Factors 

Each rabbit received a single intradermal injection of 0.25 cc. of undiluted 
B. typhosiis “agar washings” filtrate and 24 hours later an intravenous injection of 
1 cc. of the suspension of precipitate tested, per kilo of body weight. There were 
no deaths folloudng these injections. The results are recorded in Table II. In 

TABLE II 


Reacting Potency of Various Sera Precipitates 




Proportions of precipitinogen- 
containing serum and 
precipitating antiserum 
in mixtures 

Results with 
precipitates 

Prccipitinogen-coTitaininB 

scrum 

Precipitating antiserum 

Total No, 
rabbits 

Positive 

rabbits 

>s 

rt-S 
tc rt 
t> •- 

Normal horse serum 

Anti-horse rabbit 
Serum R I 

0.33 CC. -1-0.66 CC. 


3 

0 

(( (( a 

Anti-horse rabbit 
Scrum R II 

0.33 “ -f 0.66 “ 

3 

2 

1 

t( « (( 

Anti-horse rabbit 
Serum R III 

0.66 “ + 0.33 “ 

3 

2 

1 

Comm, antimcningococ- 
cus horse Serum hlia 

Anti-horse rabbit 
Serum Rjsr 

0.66 “ -f 0.33 “ 

3 

3 

0 

Mount Sinai antitj’phoid 
horse Serum ILBbjj 

<( <( 

0.66 “ -1- 0.33 “ 

i 

3 

2 

1 

! 

Mount Sinai antityphoid 
horse Serum H<Bli 96 

Anti-horse goat Se- 
rum Gi65 

1 cc. -k 1 cc. diluted 
i 1:5 

3 

2 

1 

hlount Sinai anti-co/i 
horse Serum HeoBliss 

Anti-horse rabbit 
Serum R 353 

0.66 cc. -1-0.33 cc. 

3 

3 

0 


comm. = commercial. 


this table, the expression “positive rabbit” means that there was obtained in the 
rabbit’s prepared skin site a severe hemorrhagic and necrotic lesion 4 to 5 hours 
after the intravenous injection. The lesions, which were intense in the majority 
of positive rabbits, were characteristic of the phenomenon of local skin reactivity 
to bacterial filtrates (6). By “negative rabbit” is meant absence of skin reaction 
following the intravenous injection. 

As is seen from Table II, suspensions of precipitates derived from 
mixtures of precipitinogen-containing serum with precipitating anti- 
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serum possess a high reacting potency. The active preparations can 
be obtained from combinations of some normal animal sera with homol- 
ogous antisera, as well as from combinations of sera of animals im- 
munized with bacterial antigens with antisera against normal sera of 
the same animal species. 

Titration of Reacting Potency of Precipitates 

In these experiments, the precipitates were derived from mixtures of anti- 
meningococcus anti-human horse sera with normal human sera, in proportions of 

TABLE nr 


Titration of Reacting Potency of Serum Precipitates 


Date of 
preparation 

Precipitinogen- 
containing serum 

Precipitating antiserum 

Dilution of 
precipitate 
suspension 

es 

•Z.B 

c.tS 

U 

> 

ei 

to 

V 

o 2 
Z 

3 

3 

9 

O 

•S3 

. C3 
O »- 

Z 

No. of positive 
rabbits 

May 8, 1931 

Pooled normal 
human sera 

Antimeningoeoccus 
anti-human Serum 
H,Blr.> 

Undiluted 

3 

1 

0 

2 

“ 8, 1931 

(t 


ft 

it 

1:10 

3 

1 

0 

2 

" 8, 1931 

« 

« 

« 

{< 

1:50 

3 

2 

0 

1 

" 8, 1931 

it 

(( 

It 

it 

1:100 

3 

3 

0 

0 

June 20, 1931 

Normal human 

serum 

t( 

U 

Undiluted 

3 

2 

1 

0 

" 20, 1931 



it 

it 

1:5 

3 

3 

0 

0 

July 23, 1931 

« 

« 

it 

« 

Undiluted 

3 

2 

0 

1 

“ 23, 1931 

u 

it 

(C 

it 

1:5 

3 

3 

0 

0 

“ 29,1931 

(( 

tt 

Antimeningoeoccus 
anti-human horse 
Serum H 7 Bl 3«5 

Undiluted 

3 

0 

0 

3 

“ 29, 1931 

<( 

it 

(( 

ft 

1:5 

3 

3 

0 

0 


0.9 to 0.05 cc., respectivelj’. The precipitates obtained in the manner described 
above gave highly turbid suspensions and had a tendency to settle on the bottom 
of the test-tube. The aggregates were easily broken up by shaking. The dilu- 
tions 1:5 and 1 ; 10 of these suspensions were also quite turbid. In dilution 1 :50 
the tinbidity was slight and in dilution 1 ; 100 the fluid was clear. Various dilu- 
tions of the suspensions were tested for reacting potencj' in rabbits prepared ^s•ith 
B. typhosus "agar washings” filtrate. The tests were made in the course of the 
week following the preparation of the suspensions. The results are reported in 
Table III. 
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As is seen from Table III, the reacting potency of a given precipitate 
suspension can be quantitatively measured. As in the experiments 
with the phenomenon of local skin reactivity to bacterial filtrates, there 
are also observed natural fluctuations in susceptibility of rabbits 
employed. 

The titrations recorded demonstrate that precipitates derived at 
various times from mixtures of the same ingredients and proportions 
may differ in reacting potency. 

It is also evident that the amount of precipitate present in a given 
suspension has no direct bearing on its reacting potency. Thus, a 


TABLE IV 

Reading Potency of Preparations from Completely and Partially Precipitated 

Mixtures 


Antijncningococcus 
nnti-human horse 
Scrum HrBlios 

Normal human scrum 

Amount of 
precipitate* 
obtained 

Reacting 
potency of 
precipitate 

Reacting po- 
tency of super- 
natant fluid 

1 part undiluted 

0.1 part undiluted 

Medium** 

+ 

+ 

(( tt 

0.1 “ diluted 1:2 

Ma.^imum 

+ 

0 

1 t( tt 

0.1 “ “ 1:8 

Medium 

+ 

+ 

1 

0.1 “ “ 1:16 

Minimum 

+ 

+ 

1 

0.1 “ “ 1:20 

None 

0 

0 


+ = one to three rabbits of each group of three tested showing severe hemor- 
rhagic necrosis. 0 = no reaction obtained in a group of three rabbits. 

* The precipitate was suspended in a volunie of 0.25 per cent NaCl solution 
equal to one-fourth of the volume of horse serum used. 

** Prozone. 

preparation of only slight turbidity {i.c. dilution 1:50 of preparation 
of May S, 1931) was potent, whilst several higlily turbid preparations 
{i.c. dilutions 1 : 5 of the remaining suspensions) were totally inactive. 

Similar observations were obtained uath titrations carried out in the 
following manner. 

Suspensions of precipitates were diluted in 0.85 per cent NaCl solution to a 
turbidity standard (McFarland nephelometer) of 500 million bacteria per cc. 
The test dose was 2 cc., per kilo of bodj* weight. 

Preparation I . — The mi.xture consisted of one part of antimeningococcus anti- 
human horse Scnim HtBIjsi! and one part of human scrum diluted 1:4. A sus- 
pension of standard turbidity and dilution 1:5 elicited severe reactions in two out 
of three rabbits tested. Dilution 1 : 10 gave negative results. 
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Preparation II . — The mixture consisted of one part of antimeningococcus anti- 
human horse Serum HvBl'j? and one part of human serum diluted 1:4. A sus- 
pension of the precipitate of standard turbidity and suspensions two and four times 
more concentrated gave no reactions in rabbits. 

It seems, therefore, that the reacting potency of a serum precipitate 
is not due to the mechanical effect of an inert coUoidal suspension in 
the blood stream, but to some toxic quality associated with the pre- 
cipitate. The following experiments were done in order to test this 
assumption further. 

Reacting Potency of Precipitates and Supernatant Fluids Derived from 
Completely and Partially Precipitated Mixtures 

In these experiments each preparation was tested in a group of three 
rabbits. The results are summarized in Table IV. 

As is seen from Table IV, mixtures of serum with antiserum in 
proportions giving maximum precipitation yielded active precipitates 
and supernatant fluids devoid of reacting potency. Where precipi- 
tations were incomplete (f.e. in proportions jdelding minimum and 
medium amounts of precipitates) both precipitates and supernatant 
fluids were potent. 

The supernatant fluids were clear at the time of injections; namely, 
the day following preparation. Those derived from completely pre- 
cipitated mixtures remained clear for an indefinite length of time. The 
supernatant fluids derived from partially precipitated mixtures became 
cloudy after several days in the refrigerator. The latter potent prep- 
arations were recentrifuged 2 to 3 times in the course of the following 
week. When no more cloudiness appeared in the refrigerator they 
were found on retest totally devoid of reacting potency. It became 
evident that the potency of supernatant fluids was due to the presence 
of a precipitate grossly invisible at the time of the injection. 

Thus, it can be concluded from the above experiments that the 
reacting potency of a given preparation does not depend either on the 
amount of precipitate obtained or on the size of the aggregate formed. 

Reacting Potency of Precipitates and Supernatant Fluids Derived from 
Mixtures of Bacterial Filtrates with Immune Sera 

\Wicn a B. typhosus “agar washings” culture filtrate is mLxed with 
an immune antilj'phoid horse serum in neccssaiy proportions, there 
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occurs complete neutralization of B. typhosus reacting factors (5). 
The mixtures usually form abundant precipitates. In the experi- 
ments reported here, various numbers of reacting factors were mixed 
with a constant amount of antit 5 Tphoid horse serum. The mixtures 
made in the proportions indicated in Table V, precipitates and the 
supernatant fluids derived from these mixtures were all tested for 
reacting potency. The results are summarized in Table V. 

As is seen from Table V, precipitates derived from mixtures of 
B. typhosus filtrates with homologous immune serum were devoid of 


TABLE v 

Reacting Potency of Precipitates and Supernatant Fluids from MixUircs of Bacterial 

Filtrates with Immune Sera 


Mixtures of B. typhostts reacting 
factors and nnlitiTilioid horse 
Serum HiBla- 

Reacting potencj' of 
mixtures, per kilo 
of body weight 

Reacting potency of 
precipitates, per kilo 
of body weight 

Reacting potency of 
supernatant flmds, 
pet kilo of body 

Nos. of reacting 
units 

Amount of 
HiBl.j. 

weight 

300 

cc, 

1 

0 

0 

0 


1 

0 

0 

0 

750 

1 

0 

0 

0 


1 

-b 

-b 

0 

BSH 

1 

-b 

-b 

0 


1 

-b 

-b 

0 

■■I 

1 

-b 

-b 

-b 


-f = three rabbits tested showing severe hemorrhagic necrosis. 0 = no reac- 
tions obtained in a group of three rabbits. 


reacting potency if a sufficient amount of serum was used to neutralize 
B. typhosus reacting factors. Wflicn an excess of these factors was 
employed the precipitates proved active. Inasmuch as the potency of 
tlie precipitates appeared only wth the increase in the amount of 
B. typhosus reacting factors in the mixture, it became evident that 
tliese precipitates, in contrast to those derived from serum plus anti- 
serum mixtures, possessed no independent reacting potency. 

Incidentally, it is of interest that in partially neutralized mixtures 
tlie non-neutralized B. typhosus reacting factors were associated wth 
the precipitates. Thus, the precipitates derived from mixtures of 
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1000 and more reacting units witli 1 cc. of serum were potent, whilst 
the supernatant fluid derived from a mixture of 2000 reacting units 
with 1 cc. of serum was inactive. 

Origin of Reacting Roiency of Serum Precipitates 
A series of experiments was performed in order to determine which 


TABLE VI 

Origin of Reacting Potency of Serttin Precipitates 



Predpitinogen-containing 

serum 

Precipitating antiserum 

Ratio of precipitinogen- 
containing serum to 
precipitating serum 

Results 

1 

B. H. antimeningo- 
coccus horse Serum 
347/169 

Anti-horse rabbit Se- 
rum R<03 

0.66 cc. -h 0.33 cc. 

+ 

2 

Mount Sinai anti- 
meningococcus 
horse Serum 

HjBIai 

U 

U 

0.66 “ + 0.33 “ 

0 

3 

Normal human Se- 
rum I 

Anti-human rabbit Se- 
rum Ri« 

1 cc. -t- 0.2 cc. 

0 

4 

Normal human Se- 
rum n 

(( 


1 “ -f 0.2 “ 

0 

5 

Normal human Se- 
rum ni 

tc 

ti 

1 “ + 0.2 “ 

0 

6 

Normal human Se- 
rum I 

Antimeningococcus 
anti-human horse Se- 
rum H 7 B 1 :sj 

1 “ +0.2 “ 

+ 

7 

Normal human Se- 
rum n 

(( 


1 " -f 0.2 “ 

+ 

8 

Normal human Se- 
rum HI 

Antimeningococcus 
anti-human horse 
Serum HjBUos 

1 “ -1- 0.2 “ 

J- 

i 


B.H. = New York Board of Health. + = one to three rabbits of each group 
of three tested showing severe hemorrhagic necrosis. 0 = no reactions obtained 
in a group of three rabbits. 


of the ingredients of serum plus antisenun mixtures was responsible 
for the reacting potency of the precipitates. The results are reported 
in Table VI. 

As is seen from Table ^T, mixture of one horse serum with anti-horse 
rabbit serum yielded a potent precipitate (Group 1) whilst another 
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horse serum mixed with the same anti-horse rabbit serum gave an 
inactive precipitate (Group 2). In these experiments, then, the 
reacting potency was imparted by the precipitinogen-containing 
serum. In contrast, several batches of normal human serum mixed 
with the same anti-human rabbit serum gave inactive precipitates 
(Groups 3, 4 and 5). However, anti-human antimeningo coccus horse 
serum mixed with the same batches of normal human serum yielded 
potent precipitates. Here, the reacting potency was, apparently, 
imparted by the precipitin-containing antiserum. It can be concluded, 
therefore, that the reacting potenc}'- of serum precipitates may origi- 
nate from either of the ingedients of serum plus antiserum mixtures. 

Ill 

Testing of Inert Colloidal Suspensions for Reacting Potency 

(а) In these experiments each of the substances was tested in a 
group of six prepared rabbits. The dose was 1 cc., per kilo of body 
weight. The suspensions made in 0.85 per cent NaCl solution were 
as follows: 4 per cent charcoal, 2 per cent infusorial earth, 4 per cent 
Witte’s peptone, 4 per cent silicic acid and 10 per cent gelatine. All 
the substances were devoid of reacting potency. According to Sickles 
(7) galactose, gelatine and India ink have no reacting potency. 

(б) Sickles reported (7) that agar was able to elicit reactions in 
rabbits previously prepared with meningococcus toxin. These ex- 
periments were repeated in the following manner. 

The agar was dissolved in 0.85 per cent NaCl solution and sterilized by auto- 
claving at 250°F. for 15 minutes. 

Rabbits were prepared with B. typhosus “agar washings” filtrate, as in above 
c.vperiments. The intravenous dose was 2 cc., per kilo of body weight, of agar 
suspension tested. The suspensions contained 0.8, 0.5, 0.3, 0.2, 0.15, 0.08 and 
0.01 per cent of agar. The dose of 2 cc. of 0.2 per cent of agar was the smallest 
quantity which elicited reactions in about 50 per cent of rabbits tested. Smaller 
doses (f.c., 0.08 and 0.05 per cent) gave doubtful reactions. No reactions were 
obtained with 0.01 per cent of agar. 

Sickles (7) showed that agar had no skin-preparator}’’ effect. This 
has been also corroborated. 
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injury in skin sites prepared with bacterial filtrates. The amount of 
precipitate present in a given suspension had no direct bearing on its 
reacting potency. Some abundant serum precipitates as well as 
precipitates derived from neutralized mixtures of B. typhosus culture 
filtrates with immune sera were found inactive. The reacting potency 
did not depend on the size of the aggregate formed inasmuch as clear 
supernatant fluids obtained by centiifugahzation of partially pre- 
cipitated serum plus antiserum mixtures were able to elicit severe 
reactions. With the exception of agar, inert colloidal suspensions thus 
far tested {i.c. charcoal, infusorial earth, peptone, silicic acid, gelatine, 
galactose and India ink) possessed no reacting potency. The evi- 
dence thus far accumtflated, therefore, points to the fact that the 
reacting potency of serum precipitates is not due to the mechanical 
effect of colloidal particles in the blood stream but to some toxic 
factors liberated or formed in the serum through the colloidal dis- 
turbance induced by the process of precipitation. 

As pointed out before (1) the sine qua non of the phenomenon of 
local skin reactivity to bacterial filtrates is that the second injection 
be given via the blood stream. It is conceivable that, as in the case of 
sera, bacterial filtrates have no direct reacting potency but that they 
induce a colloidal disturbance in the blood which brings about liber- 
ation or formation of reacting factors. It remains to determine 
whether the effect of agar is due to a similar mechanism. 

The phenomena of local skin reactivity to bacterial filtrates and 
serum precipitates seem to be best defined at present as the production 
of injury in tissues during a transient state of vulnerability induced by 
bacterial filtrates. The injury is produced by means of toxic factors 
formed in the blood stream through a colloidal disturbance in the 
latter. 

In connection with the above described formation of reacting factors 
through a colloidal disturbance in blood serum, observations of Rous 
and his coworkers made in 1919 and 1920 are highly interesting. In 
order to remove the shock-producing property of a precipitating serum, 
they attempted repeated absorptions of hemolysins, hemagglutinins 
and precipitins. The absorbed serum, however, was able to engender 
shock. On the basis of these obser\mtions, they concluded that 
“there remains the interesting possibility of the presence in the serum 
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PURIFICATION OF POLIOMYELITIS \’1RUS 


EXPERIMENTAL 

Poliomyelitis Virus . — The virus used in the following experiments is the “mixed 
Rockefeller Institute strain” which has undergone numerous monkey passages in 
the Researcli Laboratories of the New York Cit}’- Department of Health. 

Preparation of Aluminum Hydroxide Gel . — Alumina gel C was prepared essen- 
tially according to the method of WiUstatter and Klraut (8), excepting tliat the 
centrifuge was used instead of natural sedimentation. An effective gel was thus 
obtained, the process requiring onty 2 da3’S as compared with 2 weeks or more in 
the original procedure. Distilled water must be used throughout; in the prepara- 
tion of a large quantitj' of this gel, tap water was used once and a product of entirely 
different phj'sical and adsorptive properties was obtained. The following is the 
procedure for preparing 250 cc. of the gel. 

To distilled water at 70°C., sufficient concentrated ammonia is added to make 
a 4 per cent solution. A filtered solution of 50 gm. Al2(S04)3- ISH2O in 150 cc. of 
water at 65°C. is rapidly poured into the ammonia, and the mixture shaken 
vigorousl}' for 15 minutes. The gel is then centrifuged until a well packed sedi- 
ment is obtained; the supernatant water-clear liquid is poured off. The sediment 
is made up to 1000 cc. with water, shaken, and recentrifuged; this process is 
repeated five times. After the fifth decantation, 400 cc. of 4 per cent ammonia at 
70°C. is added to the sediment and the mixture shaken for 15 minutes. It is then 
centrifuged, the supernatant liquid poured off, and the sediment made up to 
1000 cc. with water. After shaking, it is again centrifuged. The supernatant 
fluid is water-clear until about the ninth or tenth washing, when it becomes 
opalescent. Yffien this stage is reached the gel is washed once more and after 
centrifugation and decantation, the sediment is made up to 250 cc. with water 
and thorough!}’ shaken witli glass beads. The gel is standardized by determining 
the quantity of AI2O3 per cc., which is accomplished by drying 5 cc. in a crucible at 
110°C., igniting, and weighing the residue. When the quantities given above are 
used, different preparations contain from 21-25 mg. AI2O2 per cc. 

The Elulion of Poliomycliiis Virus 

The purpose of this experiment was to determine whetlier or not 
the absorption of virus was complete or nearly complete, and whether 
the virus can then be removed from the gel in an active state. A 
highly centrifuged monkey cord suspension has an opalescent super- 
natant liquid, the particles of which are carried down with the alumina 
gel sediment; to eliminate the possibility of extracting virus from such 
tissue particles during the eluting process, a Seitz filtrate was used in 
this experiment. 

Procedure.— To 5 cc. of alumina gel C, 1 cc. of m/15 KH2P04 and 5 cc. of a 
Seitz filtrate of a 5 per cent poliomyelitis monkey cord suspension were added. 
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Immediate flocculation of the gel occurred. The mixture was shaken for 20-30 
minutes and left in the refrigerator for 3-4 hours. It was then shaken again and 
centrifuged for 20 minutes or until the densest possible packing of the gel occurred. 
The supernatant liquid which had a white (lipoid-containing (?)) cake at its surface 
was poured off. The sides of the tube and the surface of the gel were carefully 
washed with distilled water. The sediment was now mixed with 5 cc. of m/ 15 
Na 2 HP 04 . The gel which was formerly flocculated became homogeneous; after 
gbakmg for 20 minutes it was left at room temperature overnight. The following 
morning it was again shaken and then centrifuged. The supernatant liquid was 
colorless and water-clear without any cake at its surface. (It is interesting to note 
that there were other preparations of alumina gel C and of virus which failed to 
show the above mentioned flocculation reaction or separation of Upoid-con- 
taining (?) material, and nevertheless worked equally well as regards adsorption 
and elution.) The original virus filtrate, the adsorbed supernatant liquid, and 
the eluate were then diluted to the same volume. 1 cc. of the dilutions (equivalent 
to 0.05 cc. of the original) was injected intracranially into monkeys. 


TABLE I 


Adsorption and Elution of Poliomyelitis Virus 


Substance tested 

Dose 

Monkey I 
! No. i 

1 1 

Result 

S per cent Virus Filtrate 593 .... 

CC. 

0.05 

■ 

1 

Typical poliomyelitis — 6 days 

Adsorbed supernatant liquid .... 

0.05 

2 

No poliomyelitis 

m/ 15 NajHPOi eluate 

0.05 

3 

Typical poliomyelitis — 5 days 

Typical poliomyelitis — 6 days 

i 

1 

5 per cent Virus Filtrate 590 .... 

0.05 

4 

Adsorbed supernatant liquid 

0.05 

5 

No poliomyelitis 

m/ 150 NasHPO* eluate 

0.05 

6 

Typical poliomyelitis — 10 days 




In Table I it •will be seen that with the doses used the adsorption 
of the virus is probably complete or nearly complete, and that the 
11/15 Na;HP 04 eluate, volume trically equivalent to the original virus 
filtrate, produced symptoms somewhat more rapidly even than the 
control. Chart 1 show's the strikingly similar course of the tempera- 
ture and paralysis in Monkey 1, injected with the original \irus, and 
I^Ionkcy 3, injected with the m/15 NaiHP 04 eluate. 

In another experiment the effectiveness of m/150 Na:HP 04 as an 
eluting agent was determined. The pre\ious procedure of adsorption 
and elution was e.xactly duplicated. Table I shows that the M/150 
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Na 2 HP 04 eluate also produced typical poliomyelitis, although the 
incubation period was twice as long as with the m/15 Na 2 HP 04 eluate. 

Selective ashing of the Alumina Gel C-Virtis Complex 

The purpose of this experiment was to determine whether or not it 
would be possible to wash away selectively any inactive organic 
substances from the sediment containing the adsorbed virus. Since 
the virus is adsorbed at an acid pH, it appeared theoretically possible 
to extract soluble substances which were carried do\\m in the sediment 



Chart 1. Course of temperature and paralysis in monkeys injected with original 
and eluted virus. 

B B Monkey 1, original virus. 

O o IMonkc}' 3, eluted virus. 

medianically and by imbibition wdth a salt solution containing m/15 
KH2P04. 

Procedure . — To 5 cc. of a 5 per cent Seitz-filtered pooled virus preparation, 5 cc. 
alumina gel C and 1 cc. m/15 K.H 2 PO 4 were added. This mkxture was shaken 
and centrifuged as previously described. The supernatant liquid was poured off 
and 9 cc. m/5 NaCl and 1 cc. m/15 KH 2 PO 4 were added to the sediment. Ihe 
sediment was stirred and the mixture shaken vigorously for 20 minutes, allowed to 
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Stand 4 hours, and then centrifuged until the sediment vfas packed as densely as 
possible. The supernatant liquid was poured off and 5 cc. of ii/15 were 

added for elution. The original Seitz-filtered virus, the adsorbed supernatant 
liquid, the ii/5 NaCl-ii/15 KHjP 04 washings, and the eluate were tested for virus 
content by intracranial injection into monkej’s. 

The results, shoviTi in Table 11, indicate that the ir/5 NaCI-M/15 
KHjPOi washings, like the adsorbed supernatant liquid, contain 
practically no virus, whereas the m/15 NajHPO^ eluate is probably 
almost as potent as the original virus preparation. Analysis of the 
NaCl-KHsPOi washings showed the presence of nitrogen-containing 
organic substances though quantitatively less than that found in the 
m/15 NajHPOi eluate. 


TABLE n 


Effect of Washing Alumina Gel C-Vints Complex with ii/5 NaCl~is.fl5 KEnPOi 


SubsUBce tested 

Dose 

Monkey 

No. 

Result 

5 per cent virus filtrate 

cc, 

0.01 

7 

Typical poliomyelitis, 7 days 

Adsorbed supernatant liquid. . . . 

0.10 

8 

No poliomyelitis 

Nad-Ktisi'Ui washings 


9 

No poliomyelitis 

u/15 NasHPUs eluate 

0.01 

10 

Typical poliomyelitis, 7 days 


Concentration of Poliomyelitis Virus 

Certain immimological and chemical studies on filterable viruses are 
either impossible or imreliable with the concentrations obtained by 
the ordinary methods of extraction. To obtain a concentrated solution 
of poliomj'elitis virus two procedures were considered; (1) concentra- 
tion by elution in a volume smaller than that of the original virus 
preparation, (2) concentration by dialysis and distillation vi vacuo. 

Procedure. 105 gm. of poliomyelitis monkey cords were ground with sand 
and saline (2100 cc.), shaken for an hour, and allowed to stand in the refrigerator 
overnight. After centrifugation the supernatant liquid was filtered through 
paper pulp and then through a large Seitz filter under positive pressure. Adsorp- 
tion was carried out as follows; 1000 cc, of alumina gel C (24 mg. AI-Oj p>er cc.) 
plus 200 cc. m/15 KHjPO^ plus 2000 cc. of the virus filtrate. (The virus filtrate 
was sterile, but the phosphate and alumina gel were added unsterilized and without 
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preservative.^) The mixture was shaken for an hour and allowed to stand in the 
refrigerator overnight. It was then centrifuged until the densest possible packing 
of the sediment had occvurred. The supernatant liquid, which was water-clear 
and had no lipoid cake at the surface, was poiured off. The sediment was taken 
up in a mixture of 1800 cc. m/5 NaCl and 200 cc. m/15 KBiPOj. After stirring, 
it was shaken for an hour and allowed to stand for 4 hours. This was centrifuged 
and the washing was repeated with another 2000 cc. of NaCl-KH 2 P 04 solution. 
The sediment from the second washing was eluted with 1000 cc. of m/15 Na 2 HP 04 
(Eluate 1). The sediment from the first eluate was then treated with another 
1000 cc. of m/15 Na 2 HP 04 (Eluate 2). The original virus preparation, the NaCl- 
KH2PO4 washings, the adsorbed supernatant liquid, and both eluates were tested 
for virus content by intracranial injection into monke 3 's. 

The data presented in Table III show (1) that the minimal effective 
dose in the original virus filtrate is contained in 0.005 cc., < 0.001 cc., 
(2) that fairly complete adsorption occurred, (3) that washing with 
m/s NaCl-M/15 KH2PO4 removed very little or practically no virus, 
(4) that one elution with half the original volume leaves a large amount 
of virus on the aliunina gel, which can be recovered by further elution. 
It appeared from these results that concentration by elution TOth 
diminished volumes would be wasteful of large amounts of virus and 
therefore impracticable. 

Before attempting to distill virus-containing solutions in vacuo, \i was 
necessary, of course, to be rid of the relatively large amounts of salts 
present in them. No data were found in the literature regarding 
dial)’’sis of poliomyelitis virus. Callow (4) in her study of a staphylo- 
coccus bacteriophage found that it diffused readily through collodion 
membranes made with an alcohol concentration higher than 60 per 
cent, whereas sacs made -with 50 per cent alcohol-50 per cent ether 
■were always impermeable. In the following experiment; collodion 
W'as used which contained 24 per cent alcohol and 76 per cent ether. 
Bags were prepared by coating large flasks with the collodion, repeat- 
ing process tlaree times to give stronger sacs as well as to diminish 
the chances of imperfections. 

The first and second eluates, previously described and tested (Table HI), "’crc 
combined and 1500 cc. ■nxre diah'zed against running tap water for 48 hours, at 


* It now appears advisable to work either ■v\-ith sterile solutions under aseptic 
conditions or with suitable preservatives. 
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in vacuo was performed to reduce the volume of the solution to 30 cc. After centri- 
fugation, 10 cc. of the concentrated supernatant liquid were adsorbed on 10 cc. 
of alumina gel C, and subsequently eluted in 10 cc. m/ 15 Na2HP04. 

The original concentrated solution and its eluate were tested for 
virus content by intracranial injection into monkeys, the results being 
recorded in Table IV. The potency of the original, unconcentrated 
Seitz-filtered virus preparation was such that 0.005 cc., < 0.001 cc. of it 
(Table III) was necessary for producing poliomyelitis in a monkey. 
The results in Table IV indicate that the minimal effective dose of wrus 
in the concentrated preparation was 0.0005 cc., < 0.0001 cc., and that 


TABLE IV 

Potency of Concentrated and Purified Virus Preparation 


Substance tested 

Dose 

Monkey No. 

Result 

i 

1 

Virus eluates dialyzed and con- 

cc. 

0.0010 ; 

21 

Typical paralysis, 8 days 

centrated 50 times by volume 

0.0005 

22 

Tj'pical paralysis, 11 days 


0.0001 

23 

No paralysis 

m/15 Na:HP04 eluate of con- 

0.0003 

24 

Typical poliomyelitis, 18 days 

centrated virus preparation 

0.0001 

25 

No paralysis 


another adsorption and elution on this concentrated virus yielded a 
product which was potent in 0.0003 cc., < 0.0001 cc. Thus with a 
concentration of 50 times by volume, the increase in potency was only 
about tenfold. With the data at hand, it appears almost impossible 
to account for the manner in which this amount of virus was lost. If 
the virus had diffused readily through the dialyzing membranes, none 
or extremely little should have been left within the sacs after the 
prolonged dialysis against running tap water. Nevertheless, it ap- 
peared interesting to determine whether small amounts of \drus could 
possibly diffuse through these rather thick and relatively impermeable 
collodion membranes. To do this 5 cc. of the combined unconcen- 
trated eluates were dialyzed in a tested collodion bag (prepared 
as pre\dously described) against 5 cc. of distilled water for 48 hours. 
At the end of that time, 2 cc. of the water outside the bag were in- 
jected intracranially into a monkey. This monkey came down wth 
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typical poliomyelitis in 17 days. Considering the amount that was 
injected, and the delayed incubation period, the quantity of virus that 
had passed through the membrane could not have been very large. 
No attempt will be made here to discuss the possible significance of 
this fact on the nature of the virus, but it suffices to say that it may 
perhaps account for part of the loss during the process of concentration. 
It is also possible that part of the virus may have been lost with the 
solid matter that settled out during the distillation. However, there 
are probably many other factors to account for the diminished yield. 

Nevertheless, the results of this experiment indicate that it is possible 
by repeated adsorptions, selective washings, and elutions, and by 
distillation in vacuo to obtain a purer and more concentrated prepara- 
tion of poliomyelitis virus. What is, of course, of the greatest interest 
is that one can apply the methods used in the purification of non-living 
chemical substances to the isolation of the virus of poliomyelitis. 

Chemical and Immunological Tests on Original and Eluted Virus 

Many of the original Seitz filtrates of 5 per cent poliomyelitis monkey 
cord suspensions had no coagulable substances on heating at neutrality 
or with dilute acetic acid, and gave negative biuret and ninhydrin re- 
actions. These tests could not be used therefore as criteria for the 
presence or absence of neuroproteins in the eluted virus. Determina- 
tions of the total solids and the inorganic residue upon ignition revealed 
that after one adsorption, the eluate contains probably less than 10 
per cent of the organic constituents contained in the original virus 
filtrate. The serum of horses treated over a long period with polio- 
myelitic monkey cords and brains contains some precipitins for 
normal monkey neuroproteins, although in very low titer only. It 
has been observed, however, that definite flocculation occurred only 
vith coarse suspensions of monkey brain and cord, and even with 
slightly opalescent solutions obtained after prolonged centrifugation, 
but none at all or at the most a very indefinite reaction with the Seitz 
or Berkefeld filtrates of these same suspensions. For this reason the 
precipitin reaction also appeared to be unsatisfactory as a criterion for 
the presence or absence of small amoimts of neuroprotein in the 
purified, water-clear solutions. Injections of monkey brain and cord 
suspensions into rabbits over a period of a month mth suitable rest 
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intervals failed to produce a serum wliich would precipitate Seitz or 
Berkefeld filtrates of neuroprotein. Finall)'-, guinea pig sensitization 
was resorted to as a method for testing small amounts of monkey 
neuroprotein. Twelve guinea pigs were injected intraperitoneally 
with 2 cc. each of a highly centrifuged 10 per cent normal monkey cord 
and brain emulsion, and twenty guinea pigs with 2 cc. each of the 
whole, uncentrifuged emulsion. Half the guinea pigs were tested for 
anaphylaxis after 21 days and the other half after 30 days, 1 cc. of 
the 10 per cent Seitz filtrate intravenously being the shocking dose. 
In not a single instance was there definite and typical anaphylactic 
shock. There were a few instances of slight and transitory dyspnea, 
reactions, which, however, were sufficiently indefinite not to be con- 
sidered positive. It appeared therefore that either monkey brain and 
cord emulsions were poor antigens or no antigens at all as concerns 
the guinea pig. There was, therefore, no way of showing whether or 
not the purified preparations of virus were associated with small 
amounts of monkey neuroproteins. 

However, it is interesting to note that the nitrogen content- per cc. 
of the- original (5 per cent) unconcentrated and unpurified virus 
preparation (minimal effective dose — 0.005, < 0.001 cc.) was 0.188 mg., 
whereas that of the last eluate of the concentrated preparation (minimal 
effective dose — 0.0003, < 0.0001 cc.) was 0.04 mg. Thus with an approx- 
imate tenfold increase in potency there was an almost fivefold decrease 
in nitrogen content. This final purified and concentrated preparation 
failed to give tlie biuret, ninhydrin, and xanthoproteic reactions. 

It is evident, of course, that the concentrated and purified prepara- 
tion obtained in the last experiment does not represent pure virus. 
However, it does appear possible that by the use of suitable antiseptics 
throughout the various procedures, numerous repeated adsorptions, 
selective washings, and elutions, with concentration by distillation 
in vacuo, may yield concentrated and highly purified virus preparations. 

SUMMf\RY AND CONCLUSIONS 

jNIethods emplo3'ed b}'- Willstiitter and his coworkers in the isolation 
and purification of enzjTucs have been applied to the virus of polio- 

- The nitrogen content was determined by micro Kjeldahl through the courtesy 
of Dr. H. Sobotka and Miriam Reiner of the Chemical Laborator}’ of The Mount 
Sinai Hospital. 
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THE DETECTION OF POLIOMYELITIS VIRUS IN SO 
CALLED ABORTIVE TYPES OF THE DISEASE 

By JOHN R. PAUL, M.D., and J. D. TRASK, IM.D. 

(From the Departments of Medicine and Pediatrics, Yale University, New Haven) 

Plate 19 

(Received for publication, April 30, 1932) 

In another publication dealing with certain clinical and epidemio- 
logical aspects of poliomyelitis (1), we have discussed the role which 
so called abortive cases may play in the spread of this disease and have 
pointed out that discussions dealing with so called abortive polio- 
myelitis demand a definition of this rather loose term. Defimtive 
statements are necessary because there is little unanimity of opinion 
as to what constitutes abortive poliomyelitis, although popular and 
practical usage today tends to designate those cases as abortive, in 
which signs pointing to meningitic or myelitic involvement exist, 
but in which no paralysis develops. In other words this concept 
rests upon the tenet that one cannot diagnose clinical poliomyelitis 
in the absence of signs pointing to meningitic or myelitic involvement. 
This is quite different from the view originally proposed by Wickman 
(2). He felt that the abortive types of poliomyelitis might be mani- 
fest by such minor symptoms as fever of short duration, sore throat, 
headache, and vomiting, and that these symptoms might be the only 
manifestations of the disease. In his experience the abortive types 
were one-third as frequent as the frank cases, but he quoted certain 
estimates, made during epidemics, in which abortive cases outnum- 
bered the frank cases. Draper reflects this same concept intimating 
that the first phase of the “dromedary” form of clinical poliomyelitis 
which is often characterized merely by headache, fever, sore throat, 
and listlcssncss, may be the only recognizable phase of the disease in 
50 to 80 per cent of all cases of poliomyelitis (3). The obvious diffi- 
culty of subjecting this situation to analysis is that such nondescript 
symptoms as those just mentioned do not furnish a clinical picture 
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which can be readily identified, and probably this is the reason why 
most physicians are umvilling to make a diagnosis of either polio- 
myelitis, or abortive poliomyelitis, in the absence of tangible specific 
signs; namely, signs pointing to meningitic or myelitic involvement. 
In an}'- event the question of uncertainty has excluded such cases from 
statistics on poliomyelitis (4, 5), although it is needless to point out, 
that, if the disease is thus limited, such a concept will enormously 
influence views not only on its epidemiology but also on its funda- 
mental nature.^ Unfortunately the problem of defiinition of abortive 
poliomyelitis is far from settled, and the uncertainty which has 
clouded Wickman’s original contentions, and Draper’s subsequent 
concepts is that the clinical entities they embrace are vague, and their 
relation to poliomyelitis is based essentially on circumstantial evi- 
dence. Furthermore, although many have suspected that it is tlirough 
the abortive cases that the mass immunization of most adult popula- 
tions to poliomyelitis occurs, this contention has apparently resisted 
recent experimental proof (6). 

In our own studies on these problems (1), which were made in New 
Haven during the summer of 1931, we were immediately confronted 
with the numerical importance of possible mild and fleeting attacks 
of the disease and the problems which they offered in the field of 
practical clinical medicine and epidemiology. It seemed to us that 
common usage of the term abortive poliomyelitis had in the past 
proved so ambiguous, that, to define the issues in this disease, we 
would employ instead the term charactcrisiic minor illness, in associa- 
tion ■v\'ith poliomyelitis, so that ground might be cleared for a de- 

Almost 20 3 ’ears ago Frost discussed this question in the following terms. 

“The inclusion of definite abortive cases more than doubles the secondarj’ attack rale. 
The inclusion of suspected abortive cases more than quadruples it, giving to poliomyelitis 
an apparent contagiousness comparable to that of scarlet fever and diphtheria, disc.ases 
which are generally considered highl}' contagious. It is evident, tlierefore, as stated 
before, that the question of contagiousness of poliomyelitis as determined by epidemiologic 
studies, hinges largely upon the question of which are and which are pot cases of polio- 
myelitis. To omit from epidemiologic studies cases without paralj"sis, to use a some- 
what exaggerated simile, is like undertaking to study the epidemiologj’ of tj^ihoid fever 
by considering onlj’ cases of hemorrhage. The inclusion of cases without paralysis is, on 
the other hand, open to the very reasonable objection that the epidemiology of the dis- 
ease may thereby be confused by the consideration of cases in no way related to the dis- 
ease in question” (5). 
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finitive study. Essentially these characleristic minor illnesses owe 
their identity merely to the fact that they appear during an epidemic 
of poliomyelitis. We have re\dewed the clinical symptomatology of a 
series of 136 examples of these illnesses in another publication (1). 
This analysis revealed little whereby they might be identified clini- 
cally, although, as Draper has pointed out, there is a close similarity 
between their sjnnptomatology and that of the first phase of the 
“dromedary” form of clinical poliomyelitis. Our estimates (1) of 
their relative frequency showed that (o) in a large series of families 
these characteristic minor illnesses developed in about 40 per cent 
of children under 5 with familial exposure to poliomyelitis, as opposed 
to a 4 per cent incidence of secondary familial cases of frank polio- 
myelitis in the same group of families; or, in other words, in this 
selected group the former were about ten times as frequent as the 
latter; and (b) in each of three communities in which estimates were 
made during the epidemic period, these examples of minor illness 
were six times as frequent as the frank cases of poliomyelitis. How- 
ever, the most significant observation of this study was the detection 
of the virus of poliomyelitis in the nasopharynx of two children suffer- 
ing from these characteristic minor illnesses and in the present com- 
munication details of its detection and isolation will be given. We 
believe that this finding furnishes more than circumstantial evidence 
that there is a common causal relationship between frank poliomyelitis 
and illnesses corresponding to Wickman’s abortive types. 

In order that the experiments to be described may be compared 
with previous studies dealing with the isolation of the virus of polio- 
myelitis from the human nasopharynx, the literature on this subject 
will first be reviewed, 

Rciiicio of the Liicralurc on (he Isolation of the Virus from the Throat 

(a) Frank Cases . — Shortly after the earliest successful experiments upon the 
transmission of poliomyelitis to monkeys and with the development of strains of 
the virus which were highly potent for monkeys, Flexner and Lewis (7) succeeded 
in 1910 in isolating the virus from Bcrkcfcld filtrates of extracts of the nasal 
mucous membrane excised from monkeys suffering with the c.xperimcntal disease. 
1 he corollary to this experiment or the isolation of the virus from human tonsillar 
tissue and pharxmgcal mucosa obtained from a fatal case of poliomyelitis, was soon 
supplied by I^ndslciner, Levaditi, and Pastia (S). .^t about the same time 
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Flexner and Clark (9) reported several similar human isolation experiments of this 
type, drawing attention to the fact that when they injected filtrates of the tonsillar 
and nasal tissues, the)’- were unable to recover the virus; but when the same 
unfiltered material was rendered bacteria-free with 0.5 per cent phenol, the virus 
could be recovered. Subsequently it has become a well established fact that 
poliomyelitis virus may be detected in washings from the throats of acute cases of 
frank poliomyelitis, but rarely from human throats under other conditions.^ 
Lucas and Osgood (11) have isolated it from the throat of a child, 4 months after 
the acute stage of a second attack of poliomyelitis, but as far as we know this is the 
only example of the human convalescent carrier in this disease. 

(b) Healthy Carriers . — To our knowledge there are but two examples of the 
detection of the virus in nasopharjmgeal washings taken from healthy familial 
contacts (12, 13). In the observation of this tj’pe reported by Fle.xner, Clark, 
and Fraser (12) definite success was obtained in one instance, which will be 
described in some detail. 

Pooled saline washings (about 150 cc.) were obtained from both parents of a 
child who had recently had poliomyelitis. These washings were taken on the 16th 
day after the onset of their cliild’s case. The fluid was shaken and passed through 
a Berkefeld filter and 1.5 cc. was injected the same day into the sheath of each 
sciatic nerve and 140 cc. into the peritoneal cavity of a monkey who subsequently 
developed poliom 3 ’elitis. The virus thus isolated was passed to subsequent mon- 
keys. The authors concluded that the parents of a known case of poliomyelitis, 
neither of whom showed any S3’mptoms of illness, harbored the virus in the naso- 
pharynx. 

A year later Kling and Pettersson (13) reported a single instance of the success- 
ful isolation of the virus from pooled washings taken from four health)’ members of 
a famil)' in which one member had recentl)’ died of poliom 3 ’elitis. The washings 
were obtained on the 5tli da)’- from the onset of the fatal case and were injected into 
a monkey intracerebrally and intraperitoneally 15 days later. The investigators 
used large quantities of washings amounting to 1 liter of fluid, which they subse- 
quently filtered through a Berkefeld candle after concentrating the material to /a 
cc. by vacuum distillation at 35-38°C. The experimental disease was induced in 
the monkey inoculated with this material and the virus was successfully passed to a 
second monkey. 

Knowledge concerning the healthy human carrier of the virus of poliomyclibs 
rests largely upon the results of these two observations both of which were ob- 
tained with pooled washings. The number of similar attempts to isolate the virus 


- We have recently gone over the well knorni work of Kding, Pettersson, and 
Wernstedt (10), who reported the detection of poliomyelitis virus from a rather 
high percentage of examples of minor illnesses and from healthy contacts. The 
criteria which these authors used for the detection of the virus are so different from 
those in use today that it is difficult to eraluate their results. 
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from healthy contacts is not known, but it is probable that failures greatly out- 
number positive results. It is evident, of course, that the significance of our own 
attempts (subsequently described in this paper) to demonstrate the virus in minor 
illnesses contemporary with familial or community cases of poliomyelitis could be 
best evaluated if we knew the healthy carrier rate, but unfortunately this informa- 
tion is still lacking. 

(c) Aborlke Cases . — ^The literature affords few examples of the isolation of the 
virus of poliomyelitis from so called abortive cases. The claims of the Swedish 
investigators (10) were that from seven examples of minor illnesses occurring in 
association with poliomyelitis, the virus was isolated in two instances, but a careful 
analysis of their results would lead us to believe 'that a single questionably positive 
result was obtained from this group. 

On the other hand there is a single noteworthy example of the successful isolation 
of the virus by Taylor and Amoss (14) from the throats of two members of a polio- 
myelitis family including (a) a case of minor illness or abortive poliomyelitis, and 
(6) a child, S days prior to the development of a rmld case of frank poliomyelitis. 
In their family study the fclinical events were so similar to many of those in our 
recent experiences that they will be transcribed from their paper in some detail. 

The family which lived in the village of Waitsfield, Vermont, consisted of the 
parents and four children (see Text-fig. 1). On June 12, 1917, the oldest boy, 
Carey, developed poliomyelitis with initial symptoms at first thought to be those of 
a gastrointestinal upset. Extensive paralysb was present on the 4th day of the 
disease and death occurred on this date. On Jime 13 the next boy, Everette, 
developed what was probably a characteristic minor illness, marked by fever and 
diarrhea. He recovered quickly and, subsequently on minute examination, 
showed no muscular weakness. The youngest child, Dwight, became ill on June 
18, and the girl, Hazel, on June 21. Both of these illnesses proved to be mild 
attacks of poliomyelitis, although, if it had not been for the fact that particular 
attention had been attracted to this family by the presence of a fatal case of polio- 
myelitis in the oldest member, it seems questionable whether the other cases would 
have been readily diagnosed. In other words it is conceivable that they could 
have passed as examples of “summer grippe,” etc., had not careful examinations 
been done in both instances. 

Nasophaiyngcal ungations were obtained from two of the children, — Everette 
and Hazel, on June 16; {.c., 4 days after the former had developed sjTnptoms of 
a minor illness, and 5 days before the latter developed symptoms of a mild attack 
of poliomyelitis. The material obtained was treated in the following manner. 
Distilled water was used as the irrigating medium, 60 cc. for Everette, and 100 cc. 
or Hazel. To the sample washings 10 per cent of ether was added ; they were then 
s a 'cn with glass beads for 2 J hours, and centrifuged at high speed for 2§ minutes, 
c supernatant fluid was passed through a Berkefeld k candle and concentrated to 
cc. jK vaaio at 3S'’C. This amount was injected intraccrebralh- into two rhesits 

mon -cj s (.A ^Everette, and B — Hazel) within 6 hours after the collection of the 
specimens. 
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Both moiike3"s developed paral3''ses. Monke3’- A recovered, its sera was subse- 
quentl3f shown to be capable of neutralizing poliom3’^elitis virus, and the animal itself 
was resistant to the reinoculation of a large dose of virus. Monkey B was sacrificed 
on tlie 9 th day after inoculation. The histological picture of the spinal cord and 
medulla was that of poliomyelitis, and emulsions of these organs were capable of 
inducing the disease in another monke3'. 


DATE AGE 7YRS. 10 13 IS 42 59 





VIRUS PRESENT IN NASOPtWRYNGEAU WASHINGS 


Text-Fig. 1 . Schematic diagram of a famih' stud3’ reported b3’ Taylor an 
Amoss ( 14 ). The vertical lines represent individual members of the family, t 
respective ages appear at the top. The solid areas roughh' indicate the chnica 
course of an attack of poliom3’elitis; the shaded area, the course of a minor illness. 
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The observations quoted above are of great importance. Here 
again the number of times that attempts of this kind have been 
repeated, and the number of unsuccessful attempts to isolate the 
virus from cases with mild or abortive poliomyelitis either by these or 
other workers is rtnknown, but the reported successes are sufficiently 
small to suggest that its isolation from such cases is not easy. 

Methods 

Prompted by the results of Taylor and Amoss (14) we followed some- 
what the same procedure in our own attempts to isolate the virus from 
examples of characteristic minor illnesses occurring coincidentally 
either within a family, or within a small community in which polio- 
myelitis was present. In general the following procedure was em- 
ployed. 

Preparation of Material for Inoculation . — The patient was instructed to gargle 
the throat with 25 to 125 cc. of sterile distUled water, or it was washed through the 
nasopharynx by means of a syringe inserted into the nares. The washings thus 
obtained were transferred to a flask containing glass beads, 10 per cent of ether was 
added, and the flask was shaken for 15 minutes. The material was then usually 
concentrated by vacuum distillation at ZTC. for a period of from 4 to 7 hours, — 
by this procedure we were seldom able to reduce the washings to less than a fourth 
of their original volume. To the concentrated washings phenol was added to make 
a concentration of 0.5 per cent and the material was aUow’ed to stand for i hour. 
This step in the procedure was employed in preference to filtration because of the 
experiences previously reported by Flexner and Clark (9) ; it has also been subse- 
quently shown that the virus may remain active in this concentration of phenol for 
many months (15). 

All inoculations were done under ether anesthesia. One monkey was employed 
for each of the tests, which were done by the intracerebral route, using between 
0.8 to 1.2 cc. of the concentrated, phenolized washings as the amount of inoculum. 
Bidaily temperature readings covering a period of 3 weeks were taken on all 
monkeys thus inoculated. Of the twenty monhej-s employed for the c.tpcriment, 
sixteen were Macacus rhesus, four were of other varieties listed in Table I. One 
monkey inoculated with material from a healthy contact succumbed on the 6th day 
from a brain abscess and has not been included in the tabic. 

^'arious alterations were made from time to time in our methods of obtaining and 
treating the washings prior to their inoculation. These consisted in (c) attempts to 
reduce the volume of the irrigating fluid by washing about 30 to 40 cc. of sah’ne 
solution through and through the nasopharynx; (6) the concentration of the mate- 
liil by ultrafiltration through collodion sacs. In the latter procedure we were 
guided by the belief that the ^^rus was not diffusible through the collodion mem- 
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branes we emplo3^ed. It may suffice to say, however, that the procedure first 
outlined was the one in which our two positive results were obtained. 

Selection of Cases 

It was our object to select and test oral washings on patients who 
developed a characteristic minor illness (comparable to one of Wick- 
man’s abortive types), under circumstances in which knowTi exposure 
to a case of poliomyelitis had existed; and to compare the results with 
findings similarly obtained from known patients ivith poliomyelitis, 
and from healthy contacts. Text-figs. 2, 3, and 4 are sample dia- 
grammatic representations of some of the situations under whicli our 
washings were obtained. 

In Text-fig. 2 is shown a family with four children, — ^Family Rn. 
In this family a frank case of poliomyelitis occurred which was followed 
closely by two cases of cliaracteristic minor illness in two other cliil- 
dren. In one of the latter, the most prominent symptoms were fever 
and drowsiness; in the other, vomiting, fever, and headache. Both 
of these children were well wdtlfin 36 hours of the onset of symptoms. 
In the youngest child (Micliael), however, the symptoms were suffi- 
ciently suspicious to warrant a diagnostic lumbar puncture wliich 
proved negative. At the time the puncture was done nasopharyngeal 
washings were also obtained. 

In Text-fig. 3 is shovm another family, — Or. In this family which 
is composed of six diildren, there occurred one case of frank polio- 
myelitis (Irving); one suspected case (Frances); and tw'O examples of 
characteristic minor illness (Evelyn and Charles). The series of small 
black arrowheads, which appear as legends in this figure, indicate 
that on September 16, -washings were obtained from the cliild Ir\nng, 
supposedly on the 1st day of an attaclc of poliomyelitis; tivo cliildrcn 
Evelyn and Charles, who were on the 3rd day of a minor illness; and 
one child Edwmrd, -who -was presumably a healthy contact. 

In Text-fig. 4 a diagram is shown portrajdng events in one of the 
communities in which similar studies were made. This community 
consisted of a summer colony situated on the shore of Long Island 
Sound in fairly close proximity to New Haven. All of the juvenile 
members of the group have been portrayed as vertical lines, denoting 
by their length the period of time in which they were members of the 
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roup. Illnesses have been recorded by the legends used in the 
revious figures. It -will be seen that the population was not fixed, 
1 that f amili es were constantly moving in or out. During late July 
nd early August several cases of mild illness, characterized by sore 



VIRUS PRESENT IN ORAL V/ASHINGS 

Text-Fig. 2. Diagram of Family Rn. The legends are the same as those in 
Te.xt-fig. 1. 

throat, fever, vomiting, and headache appeared among the children, 
but although there was considerable apprehension by attending 
phjsicians and the communitj' itself, as to whether these illnesses 
might be poliomyelitis, STTuptoms did not appear at first from which 
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Ltfth ^ better tem. they 

were labelled summer gnppe.” However, on August 20 a chOd 

rom amily 9, who had left the summer colony the week before 

developed poliomyelitis, and shortly thereafter three other ca2 



appeared among members of the colony in rather rapid succession. 
Meanwhile the “summer grippe" continued. Three out of seven cliil- 
dren who contracted it during September, had arrived in the com- 
muniU subsequent to August 15. In all, therefore, out of 41 children 
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in the colony there were 29 instances of acute illness between July 30 
and September 22. Four of these illnesses were examples of frank 
poliomyelitis. Many of the others merely consisted of fever, head- 
ache, and vomiting lasting for only a day; but some were of several 
days’ duration; otliers presented two distinct phases, and not a few 
offered real problems in the differential diagnosis of frank poliomyelitis. 
It will be seen in Text-fig. 4 that five oral washings were obtained 
from this group. They include two cases of poliomyelitis (one of 
which was in the convalescent stage), representing Families 8 and 12 
respectively; three children with so called “summer grippe” at various 
stages of the disease, representing Families 14, 15, and 16; and one 
healthy contact, a 16 year old nurse girl, who, owing to her age, does 
not appear on tlie chart. The virus was detected in one of these 
washings, namely, the older diild from Family 16 whose throat was 
irrigated within a few hours after he had come down \vith an attack 
of fever and vomiting on September 4. He was symptom-free within 
24 hours of the onset of his illness. 

RESULTS 

From a series of twelve attempts to isolate the virus in early and 
late stages of these characteristic minor illnesses in association witli 
poliomyelitis, we were successful in two instances. 

The circumstances under which the washings were obtained liave 
already been given in Text-figs. 4 and 2 respectively. A brief account 
of the actual clinical events which transpired in these cases was as 
follows: 

Robert We., aged 5, {cj. Text-fig, 4) had been e.xposed during the period of 
Aug. 20 to Aug. 29 to three cases of poliomyelitis. At noon on Sept. 4 he became 
ill with fever and vomiting; these were the symptoms which man}'^ children in this 
community had had during the preceding 6 weeks. At 5:00 p.m. on Sept. 4, 
oral washings were obtained. This material was inoculated into Monkey 22 that 
same evening. The child was well by the following morning. The monkey de- 
veloped tlie e.xperimental disease. 

Michael Rn., aged 13 months, (c/. Text-fig. 2) had been e.xposed to his sister 
Corinda, who was admitted to the New Haven Hospital suffering from poliom\ c- 
litis on Sept. 13. She was then in the 6th day of her disease. On the same d3> 
hlichacl became ill with fever and drowsiness and on the evening of the folloiMng 
day he was brought to the New Haven Hospital under the suspicion that he also 
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This monkey together with several others of the same species was pr 




334 


POLIOMYELITIS VIRUS IN ABORTIVE TYPES 


Evidences of Poliomyelitis in the Monkey . — ^It is pertinent to recall 
at this point that the intracerebral inoculation of hmnan or monkey 
material containing the virus of poliomyelitis does not invariably 
produce the disease in the monkey (9, 16), and that the experimental 
disease induced in monkeys by human strains is considerably milder 
than that obtained with so called fixed monkey virus. We were, 
therefore, fortunate in obtaining what appear to be definite results in 
our two positive monkeys. 


TABLE n 


Summary of Results of Monkey Inoculations with Oral Washings 



Day of illness or contact on which washing was done 

Total 


1 

2 

3 

4 

s 

6-10 

11-15 


Minor illness 

No. of cases 

1 

■ 

2 

3 

1 

1 

■ 

12 

No. of positive results 

1 

■ 

0 

0 

0 

0 

■ 

2 

Contacts 

No. of subjects 


H 

1* 

1 

1* ! 

1 


1 

3 

No. of positive results 


0 

0 

0 



■ 

0 

Poliomyelitis 

No. of cases 

1 

1 





1 

1 

3 

No. of positive results 

0 



1 


0 

1 

0 


Contacts 

No. of subjects 

1* 

1 

1 

1 


1 



1 

No. of positive results 

0 







0 


* The day of contact represents the day numbered from the onset of the last 
case to which the subject was intimately exposed. , 


Four criteria have been used as evidence of poliomyelitis in the 
inoculated monkeys: (a) the temperature curve; (b) the development 
of paralysis; (c) the findings at autopsy; and (d) the passage of the 
disease to other monkeys. 

Temperature Curves . — The characteristic temperature curve whic 
is exhibited by monkeys infected with standard strains of poliomyelitis 
\nrus has been described by Kramer, Hendrie, and Aycock (}<)• 
These authors call attention to the fact that there may be an immediate 
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brief rise in temperature following inoculation, but this usually does 
not last beyond the first 24 hours. The incubation period or period 
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Text-Fig. 5. Diagram showing twelve e.\amp]es of minor illnesses from which 
oral washings were obtained. The solid areas roughly indicate the course of the 
disease as reconstructed from temperature readings. 

of normal temperature prior to the onset of the true e.xperimental 
disease generally lasts 4 to 8 daj^s, but at times as long as IS to 21 
days. With the onset of the disease there is an abrupt rise in tern- 
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perature reaching 104-107°F. Fever may persist from 1 to 3 days 
before the onset of the usual recognizable symptoms, such as paralysis. 
With the appearance of these symptoms the temperature is already 
declining and when paralysis is extensive there may be a pronounced 
drop to subnormal values. 

In Text-fig. 6 are shown the temperature charts of the two monkeys 
in which the experimental disease was produced. The experimental 
protocols read as follows: 

Monkey 22 — Patient We. 20 cc. of oral washings were obtained on Sept. 4, 
0.5 per cent phenol was added, and 1.2 cc. was inoculated intracerebrally a few 
hours later on the same daJ^ For 12 da3'S the temperature fluctuated between 
101° and 102.6°. On the 13th day it rose to 104° and fluctuated between 102° 
and 104° for 4 days, falling abruptty to subnormal on the 17th day. It is possible 
that paralysis may have developed at this time but it was not definitely noted 
until 3 daj's later when it became evident the animal was not using the right arm, 
and that the right leg was weak. The animal was sacrificed on the 27th day. 
The autopsy' revealed ty'pical lesions of poliomy'elitis in the spinal cord (f/. 
Fig. 1). 

Monkey' 29 — Patient Rn., 100 cc. of oral washings were obtained at 10:00 p.m. 
on Sept. 14 to which 10 per cent of ether was added and the material was left in the 
ice box overnight. On the following day' it was concentrated to one-fifth its 
original volume by' vacuum distillation over a period of 5 hours at 37°C.; 0.5 per 
cent phenol was added; and 1 cc. of the material was inoculated intracerebrally into 
this monkey' at 3 : 00 p.m. Sept. 15. The monkey’s temperature gradually' fell over 
a period of 6 days and then underw'ent a rapid rise of 3-4°. This febrile period 
lasted 4 day's, to be followed by' a sharp drop on the 10th day after inoculation, 
with an irregular return to normal values. On the 12th day' it was first noted that 
the animal dragged the left hind leg. Subsequent examinations revealed complete 
paralysis of this limb. The animal was sacrificed on the 17th day'. The autopsy 
revealed ty'pical lesions of poliomy'elitis in the spinal cord (c/. Fig. 2). 

Several of our other monkeys, which failed to show evidences of 
the experimental disease, were sacrificed and studies of the tissues 
were made. In none of these did we find evidences of poliomyelitis 
(c/. Table I). Practically all of the remaining, surviving monkeys 
were subsequently tested and found susceptible to infection wth a 
standard strain of poliomyelitis virus.® It seems pertinent to add. 


® Wc are indebted to Drs. AV. H. Park and E. R. AVey'er of the Bureau of Labora- 
tories, Department of Health, City' of New York, for this strain of virus. It is a 
mixed strain derived from several sources. 
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Autopsy Findings . — ^As stated in the preceding protocols, tissues 
from the spinal cord and brain of Monlceys 22 and 29 revealed 
lesions characteristic of poliomyelitis. Both animals were sacrificed 
5 days after paralysis was first noted. The lesions are shown in Figs. 
1 and 2. 

Passage Experiments , — Both strains We. and Rn., isolated from 
oral washings as above described, were subjected to subsequent 
monkey passage. Here we encountered the usual problems which 
arise in attempting to establish in the monkey, recently isolated 
human strains, for the experimental disease so produced is often not 
easy to detect and may not fulfil all of the usually recognized diag- 
nostic criteria: (a) characteristic temperature reactions; (p) paralysis; 
and (c) the presence of typical histological lesions in the spinal cord or 
medulla, that is to say lesions which include the cliaracteristic, peri- 
vascular, round cell infiltrations. All of our positive diagnoses have 
been based upon the last criterion; i.e., histological lesions in the cen- 
tral nervous system. 

To facilitate the early passage of these strains recourse was had 
to the method of double inoculation (9). The results of the early 
passage experiments appear in Text-fig. 7. 

With the We. strain the first-passage monkey (No. 67) received two inoculations 
of a 10 per cent suspension of spinal cord intracerebrally and intraperitoneally. It 
is probable that the second inoculation was superfluous to establish the infection. 
There w'ere certain unusual features about this monkey in that the animal had 
diarrhea, and on the 6th day after inoculation the limbs and face became edema- 
tous. Subsequently it became quite ill, weak, and refused to move about. The 
edema practically disappeared by the 8th day at which time a second inoculation 
was done. The animal died the next day. Unfortunately, temperature readings 
were discontinued during the edema period but on the day of death the temperature 
was found to have fallen to a subnormal value. Extensive lesions t>T>ical for 
poliomyelitis were found in sections of the cord in spite of the fact that the develop- 
ment of actual paralysis during the last few days had not been noted although the 
animal had been too w'cak for an adequate e.xamination. The second-passage 
monkej' (No. 35) received a single intracerebral and intraperitoneal inoculation of a 
5 per cent suspension and developed the experimental disease with imusual 
rapidity. Subsequently this strain has been carried on through further monkej 
passages. 

Two first-passage monkeys were inoailated with the Rn. strain. One monkej 
(No. 66) received onlj- one inoculation, and, starting on the 6th daj' develope 
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abortive form of the disease in its usually accepted sense. We are 
aware of the possibility that the presence of the virus in the throats 
of two children who had been exposed to poliomyelitis, may indicate 
that they were carriers of the virus and not necessarily suffering from 
infection with it. The consistency with which we encountered nega- 
tive findings among contacts and also those who had had these charac- 
teristic minor illnesses but were convalescent, would, however, mili- 
tate against this view. 

The question as to whether such characteristic minor illnesses are 
actually examples of pohomyelitis or not would seem to be one of 
definition. The answer involves an appreciation of the complex 
adjustments occurring between host and incitant, which may be e.x- 
pressed by difierent reactions in the former; such as, severe, mild, or 
absent clinical manifestations of disease. The elucidation of this 
problem must rest upon further observation and experiments, par- 
ticularly upon the nature of immunity in this disease. Nevertheless 
the evidence at hand is sufficient to suggest that, since these charac- 
teristic minor illnesses outnumber by many times examples of frank 
poliomyelitis, their r 61 e as far as the spread of the disease is con- 
cerned is, indeed, important. 


CONCLUSIONS 

Experiments are reported which describe the isolation of polio- 
myelitis virus from the tliroats of two patients during an attack of 
so called abortive poliomyelitis (Wickman type), or what we have 
termed characteristic minor illnesses in association witli poliomyelitis. 

This finding represents added evidence in favor of the belief, pre- 
viously held by many observers, that certain types of minor illness, 
which accompany an epidemic of poliomyelitis, probably represent 
mild cases of the disease. 
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field cases. The experimentally infected animals were killed with chloroform or 
died 6 to 32 days after inoculation or contact infection. All infected animals 
had characteristic temperatures and the majority showed more or less tj'pical 
lesions at autopsy. A few animals, including most of the field cases, did not 
exhibit lesions tliat were definite enough to establish a diagnosis. The tissues of 
a munber of cases were cultured immediatel)' after autopsy in order to determine 
whether secondarily invading bacteria were present. 

Capillaries and Precapillaries . — ^In practically all of the organs we 
studied these vessels usually show the earliest and most pronounced 
lesions. However, within an individual organ not all capillaries are 
equally involved. In some organs, for example the kidneys and skin, 
there is undoubtedly a new formation of capillaries wliich may be dis- 
tended with red blood corpuscles or may be empty and collapsed. 
This is especially true in the lymph nodes. In many cases an enor- 
mous swelling and faint staining of the capillary wall is conspicuous 
even under low power (Fig. 1). With higher magnifications the nuclei 
of endothelial cells appear markedly enlarged, and because of their 
lack of chromatin they remain pale or practically unstained (Figs. 2, 4). 
Frequently the endothelial cells are thro^vn off or are even entirely 
lost. Various stains bring out the pale, homogeneous, and hyaline- 
like appearance of the remaining parts of the blood vessel wall. 
The thin layers of collagenous or reticular fibers, which closely sur- 
round the endothelium, are only partly visible and are undergoing the 
same changes. The condition is evidently necrotic. It may be so ad- 
vanced as to change the blood vessel into a thickened hyaline tube, 
in which cellular or fibrillar elements are no longer visible, or it may 
lead to a partial or complete occlusion of the capillary lumen (Fig. 3). 
Less frequently there is a circumscribed proliferation and tumor-like 
multiplication of endothelial cells, which also show retrogressive 
changes. In addition to these lesions, the capillary endothelial cells 
sometimes show nuclear fragments of various sizes and forms scattered 
around in the more or less thickened or occluded eosinophilic blood 
vessel wall (Fig. 3). This necrotic process may be restricted to the 
capillary wmll or may extend into the surrounding tissue. Fat in fine 
droplets can be demonstrated in both capillary w'alls and perivascular 
necrotic areas. Thrombosis rarely occurs in the small blood vessels. 

Small and Medium Sized Arteries . — Although fundamentally the 
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lesions of the medium sized arteries do not differ from those of the 
capillaries, they are more striking in appearance and occur less regu- 
larly (Fig. 4). Swelling and proliferation of endothelial cells are 
common (Fig. 5), and the cells show the same retrogressive changes as 
do those of the capillaries, either appearing as cell shadows or show- 
ing various forms of karyorrhexis (Figs. 6, 7). Both progressive and 
retrogressive changes may be present simultaneously in an individual 
vessel. The lesions in the intima are almost regularly accompanied 
by changes, usually less pronounced, in the other structures of the 
blood vessel wall (Fig. 7). The findings indicate that the endothelial 
layer is primarily injured by the virus circulating in the blood stream. 
The lesions of the media and adventitia consist of a separation and 
distension of the various elements. This is clearly shown by the 
elastic tissue stain and various silver methods. The blood vessel w^aU 
as a whole is markedly thickened by an edematous condition and a 
multiplication of cellular elements, particularly in the adventitia. 
Frequently the artery wall is hyalinized and swollen to such an extent 
that the lumen is occluded (Fig. 4). In many cases the necrotic condi- 
tion is indicated by fragmentation of nuclei and a pronounced eosino- 
philia of the other structures, including elastic tissue fibers and other 
fibrillar elements. Thrombi in such vessels undergo the same process 
and frequently the necrosis extends into the perivascular tissue. 

Larger arteries are less frequently involved, and the changes in them 
are mainly restricted to the intima. Occasionally veins also may be 
affected (Fig. 7), and, even more rarely, lymph vessels. 

The vessel lesions just described are found in practically all of the 
cases studied. Their occurrence, character, and degree of severity 
vary, however, in different organs. In our material they were most 
pronoimced in the lymph nodes, spleen, and kidneys, while in the cen- 
tral nervous system, liver, intestinal tract, skin, and other organs 
they were less noticeable. It is sometimes difficult to correlate the 
gross with the microscopical findings. 


DISCUSSION 

Our stud}' of the vascular system in the various organs reveals the 
fact that the hog cholera virus, after entering the blood stream, leads to 
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more or less pronounced lesions of the endothelial cells of the capillaries 
and other blood vessels and that it also affects the outer layers of the 
smaller blood vessels and capillaries. It should be noted that the type 
of these lesions is not directly dependent upon the duration of the 
disease. Furthermore, there are no fundamental differences between 
the lesions in pure hog cholera cases and those in cases associated with 
secondarily invading bacteria. We believe that the magnitude of the 
vascular lesions depends on the virulence of the virus, and somewhat on 
the presence of secondarily invading bacteria. In acute cases degener- 
ation of the blood vessel walls is prevalent, while in prolonged cases 
the proliferative character of the endothelial lesions is more evident. 
Study of our material has shown that secondarily invading bacteria, 
such as B. suipestifer, B. pyocyait-eus, and bipolar bacteria, aggravate 
the necrosis of the blood vessel walls and the resulting lesions. We 
are convinced that the blood vessel lesions constitute a principal fea- 
ture in the histopathology of hog cholera and offer a satisfactory 
explanation for the hemorrhages and foci of necrosis that are character- 
istic of this disease. The changes resulting from the vascular lesions 
will be described in a succeeding paper. 

The vascular lesions in hog cholera, from a comparative point of view, 
bear a close resemblance to those in pulmonary blood vessels in human 
influenza, as described by Oberndorfer (8), Le Count (9), and others. 

SUMMARY AND CONCLUSIONS 

In cases of acute hog cholera the earliest and most pronounced lesions 
occur in the capillaries and smaller arteries. Larger arteries and veins 
are less frequently involved. The lesions consist of swelling and pro- 
liferation of endothelial cells together with retrogressive changes m 
them and in the other parts of the blood vessel walls. 

The character and degree of these lesions seem to be dependent upon 
the virulence of the virus and, to some extent, upon the presence of 
secondarily invading bacteria. We believe that these lesions should 
be considered a principal feature of the histopathology of hog cholera. 
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EXPLANATION OF PLATES 
Plate 20 

Fig. 1. Swelling of capillary walls in a lymph node with faintly stained, degen- 
erating endothelial cells. Hematoxylin-eosin. X315. 

Fig. 2. Partial occlusion of small arteries in the kidney by swelling of the 
endothelial cells and other structures of their walls. X400. 

Fig. 3, a,h, c. Cross-section through small blood vessel walls showing various 
stages of thickening, hyalinization, and nuclear fragmentation (semidiagram). 

Plate 21 

Fig. 4. Swelling, necrosis, and almost complete occlusion of small arteries 
in the spleen with coagulation necrosis in the surrounding tissue. X295. 

Fig. 5. Multiplication of endothelial cells in a medium sized artery of a lymph 
node with retrogressive changes in all other structures of the thickened blood 
vessel wall. Hematoxylin-eosin. X300. 

Plate 22 

Fig. 6. Destruction of the endothelial cells of a vein and its branch in a lymph 
node with a marked perivascular necrosis (karyorrhexis figures of various sizes 
and shapes). Hematoxylin-eosin. X300. 

Fig. 7. Partial destruction of endothelial cells in a vein of the liver. Necrotic 
process extending into the surrounding tissue. X300. 
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HISTOLOGICAL STUDIES ON HOG CHOLERA 

HI. Lesions in the Vaeiotjs Organs 

By 0. SEIFRIED, V.M.D.. akd C. B. CAIN, D.V.M. 

{Frcn the Department of Animal and Plant Pathology of The RocMeller Institute 
for Medical Research, Princeton, N. J.) 

Flaxes 23 to 25 

(Received for publication, April 22, 1932) 

In the preceding paper we have described the changes in the blood 
vessels of swine infected with hog cholera vims and have state 
these lesions are the principal feature in the histopatho o^ o 
disease. In the present paper we propose to discuss in e ai 
histological changes in the lymph nodes, kidney, spleen, an ver. 

A. Blood-Forming Organs 

1. Lymph Nodes 

The gross lesions in these organs are weU knottm. Three D’pes can 
be distinguished, (1) swelling and hyperemia, (2) hemorr a^c m 
tration especially marked at the periphery, and (3) dense in tra ion 
with red blood corpuscles, indicated by the dark red color o t e ymp 
node parenchyma. 

These three U-pes of lesions are usually present in var>-ing degrees in indiwdual 
cases. In some cases the first U-pe predominates, in others the second and third 
are more pronounced. Certain groups of hxnph nodes are more se\ ere > a 
than others. In our material there was a general h-mphademtis mth the earliest 
and most characteristic changes in the cer\-ical and thoraac l>-mph nodes. 
Although in general the edema and swelling are more frequent in early stages and 
the foci of necrosis and dark purple color of the hmiph nodes usually appear in 
later ones, there is no rule in this respect. In ver>- acute cases even the reverse 

may be true. . , , 

Papers published during the progress of our work indicated that there are 

\-arious opinions with regard to the fundamental histological findings of the l>Tnph 
nodes in hog cholera. In pcracute cases of hog cholera Bel (1) saw a l\Tnphatic 
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hyperplasia and h 3 "pertrophy of the follicles and h 3 rperemia of capillaries from 
which he considered the hemorrhages in the parenchjmia to be derived. In acute 
and subacute cases there was a pronounced hj'perplasia in the lymph nodes which 
he thought resulted from a proliferation of small tymphocytes and macrophages. 
Nieberle (2) pointed out that, contrarj’^ to the common belief, acute cases of hog 
cholera are not associated with a hemorrhagic tymphadenitis. He holds the 
opinion that the red blood corpuscles, found in the Ijrniph nodes, originate in other 
parts of the body and are carried by the Ij’-mph stream into the Ij'mph nodes. 
Roehrer (3), on the contrary', concludes from the study of his material that the 
hemorrhages and necrotic foci in the various parts of the lymph nodes are due 
to lesions in the blood vessels. 

Normal Histology of Swine Lymph Nodes . — For an tmderstanding of the lymph 
nodes in hog cholera it is necessary to consider the normal histological structure. 
Details will be found in papers by Richter (4) and Trautmann (S) ; the principal 
points are brought out in the diagrammatic sketch (Text-fig. 1). The arrangement 
of the swine tymph node is almost the reverse of that found in other mammals. 
The l 3 nnphoid tissue with its follicles and germinal centers is situated centrally, 
while the cell-poor substance, which corresponds to the medulla in the lymph 
nodes of other mammals, is located peripheral^ but extends in the form of cords 
into the lymphoid tissue. This cell-poor substance consists of a syncytial network 
containing numerous capillaries. The connective tissue framework is represented 
bj’^ trabeculae that are rarely connected with the capsule. In the trabeculae are 
found blood and lymph vessels. There are two sinus systems, one around the 
trabeculae and the otlier under tlie capsule. 

The afferent lymph vessels, according to Trautmann (5), enter the node at the 
connective tissue plate, run through the trabeculae, and open into the peritrabecu- 
lar sinuses. The tymph onlj' reaches the cortical sinus after passing through the 
cell-poor substance, except in those rare instances in which the trabeculae come 
into contact with the cortex. 

Lesions in the Lymph Node, Type 1 . — There are onl}^ slight lesions in tlie paren- 
chyma. The}’- consist mainly of a separation of cellular and fibrillar elements 
caused partly by edema, partly, as mitotic figures indicate, by a multiplication of 
reticulum cells. The edema is most pronounced in the cell-poor substance, espe- 
cially that immediately surrounding the blood vessels. In a few' cases fibrin can 
be demonstrated in small amounts -w’ithin the edematous areas. Other cliangcs, 
occurring irregularly, are: slight perivascular infiltrations in the cell-poor sub- 
stance, perivascular necrosis of various degrees, swelling and degeneration 
reticulum cells, increase of eosinophilic leucocytes, local hyperplasia of lympnoi 
tissue. Follicles and germinal centers are usually enlarged in size but decrMSCC 
in number. Pcritrabecular and cortical sinuses are entirely free from lesions, 
except for a slight endothelial desquamation, which may be normal. Trabccu 
and capsule arc edematous and in some areas show' perivascular infiltrapon w 
lymphocytes and histiocytes. Perivascular hemorrhages and marked foci o 
necrosis arc not seen in this stage. 
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Lesions in the Lymph Node, Type 2.— The most outstanding characteristic is 
the presence of hemorrhages in the cell-poor substance which usuallj- lies in contact 
with the cortical and peritrabecular sinuses and is also found in cords within the 
lymphoid tissue (Text-fig. 1). In the latter tissue hemorrhages are not so pro- 
nounced. This peculiar distribution of the hemorrhages in the parenchjmia 






Text- Fig. 1. Diagram of a lymph node of swine. /V/, lymphoid tissue of 
the parenchyma; Pcs, cell-poor substance of the parenchyma; Tr, trabeculae; 
P, follicles; Sp, peritrabecular and Sc, cortical sinuses; K. capsule; CTP, con- 
nective tissue plate. The distribution of hemorrhages in tire lymph node paren- 
chyma in an early case of hog cholera is indicated by the small circles. 

c.xplains the marbled gross appearance of such nodes. In fresh hemorrhages the 
erythrocytes arc well stained, while in older ones they show degenerative changc-s 
and appear as cell shadows. In larger hemorrhagic areas with dense accumula- 
tions of erythrocytes the structures arc often indistingui.diablc. The frequeat 
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perivascular arrangement of smaller hemorrhages around changed capillaries and 
smaller arteries indicates that erythrocytes must escape from these blood vessels. 
In some instances, however, these vessels show only swelling and proliferation of 
endothelial cells. Hemorrhages are seldom seen around larger blood vessels 
even when pronounced lesions are present in their walls. It is remarkable that 
red blood corpuscles are not found in the peritrabecular and cortical sinuses in 
these stages even when present in the cell-poor substance in great numbers. In 
only a few cases do they contain a limited number of erjdhrocytes either free or 
phagocytized in sinus endothelium or reticulum cells. In addition to these 
hemorrhages, more or less marked necrotic foci originating from changed blood 
vessels ma}’’ be present in an individual lymph node. These foci may be small, 
but sometimes, by fusing together, they become so large as to occupy considerable 
areas of the parenchyma and may be so extensive as to be seen with the naked 
eye. The distribution of the necrotic areas resembles closely that of the hemor- 
rhages. Onl}' occasionally does the necrotic process affect the sinus walls; as a 
rule a narrow zone of normal tissue separates necrotic areas and sinuses (Fig. 1). 
Progressive necrosis involving trabeculae, capsule, and sinuses has been obser\Td 
in only one case in which secondarilj’- invading bacteria were present. No reactive 
segregation of necrotic tissue has been seen. 

The changes of the remaining structures of the parencliA^ma correspond to those 
described in the lesions of Type 1. In the hemorrhagic areas there is a marked 
hemosiderosis and fatt}' degeneration of the reticulum cells, but not a striking 
increase in their number. In necrotic areas or in their immediate surroundings 
these cells likewise show fatty degeneration or are filled with phagocytized nuclear 
fragments. Focal hyperplasia of the lymphoid tissue is a rare finding; hyperplasia 
is found in the majority of cases. Follicles and germinal centers may be reduced 
in size and number or ma}' be entirely lacking. The changes in the trabeculae 
and the capsule consist of edema, perivascular cell infiltration, slight hemorrhages, 
and small foci of necrosis associated with blood vessel lesions. 

Lesions ill the Lymph Node, Type 3 . — Histologically these nodes show an 
advanced or final stage of the hemorrhagic infiltration found in the lesions of 
T}'pe 2. Red blood corpuscles may be present in such numbers as to occup\ 
almost the entire cell-poor substance as well as part of the lymphoid tissue. It 
is remarkable that even in such an advanced stage the peritrabecular and cortical 
sinuses may sometimes remain entirely free from red blood corpuscles. As a rule, 
however, the sinuses contain erythrocytes, often in such numbers as to distend the 
sinuses and rupture the reticular fibers. The presence of red blood corpuscles 
may cause atrophy of the lymphoid tissue to such an extent that onl\’ small 
islands remain. 

These histological findings in the lymph nodes in hog cholera do 
not support Nieberlc’s (2) theory of resorption as a complete explana- 
tion for the lesions found in these structures. 
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to the endothelium of sucli blood vessels. In other parts of the infarcts the blood 
vessels show exactly the same t3'pe of lesions. The parenchyma in their imme- 
diate neighborhood is foimd in various degrees of coagulation necrosis (Figs. 
2, 3). In the early stages this necrotic process maj’- be restricted to a single follicle 
but as a rule it extends to the entire infarct including pulpa, follicles, and trabe- 
culae. Fibrin is missing. Hemosiderin is found in the changed blood vessel 
walls. Towards the hemorrhagic zone of the infarcts the necrosis of the paren- 
chyma is less pronounced. In this area the reticulum contains numerous red blood 
corpuscles which form an intermediate zone between necrotic tissue and the periph- 
eral hemorrhagic zone. However, this intermediate zone is sometimes entirely 
missing and in this case the necrotic tissue is immediatety surrounded b}”^ a dense 
zone of erythrocytes which is most pronounced immediately beneath the capsule 
and which is often undergoing retrogressive changes. This explaifos tlie pro- 
nounced protrusion of the capsule in these areas as well as the destruction of tlie 
subcapsular parenchj'ma and sinuses. 

The capsule itself shows in the early stages a slight thickening with a few hemor- 
rhages while in later stages it ma}’-, in the infarct areas, become entirely necrotic. 

The same infarcts are found in the parenchj’-ma. Often only small micro- 
scopic necrotic foci are found. These extend from necrotic blood vessels, cs- 
peciall}'^ follicle arteries. In the parenchyma which is free from infarcts, and in 
spleens which show no gross lesions, slight blood vessel lesions of the type pre- 
viously described can be demonstrated. Thej’- may be associated with pen- 
vascular hemorrhages or with slight perivascular necrosis. The most pro- 
nounced changes are: a more or less striking increase of pulpa cells, perifollicular 
hyperemia and hemorrhages of various degrees, infiltration of the Schweiggcr- 
Seidel’s capillar}’- tubes and trabeculae with red blood corpuscles, and striking 
aplasia of the spleen follicles. 

To sum up it must be emphasized that the infarcts in the spleen in 
acute cases of hog cholera are caused by primary lesions of the follic- 
ular arteries leading to a more or less complete blocking of the circu- 
lation in the corresponding areas. 

B, Urinary Organs 

Although the gross anatomical appearance of the urinary organs, 
particularly the kidneys, in typical cases of hog cholera is well known, 
detailed histological information concerning the lesions in these organs 
is lacking. 

According to Proescher and coworkers (8, 9), the lesions in the kidne\’S cor- 
respond to an acute hemorrhagic glomerular nephritis, combined with a tubular 
nephritis. In peracute hog cholera cases, Bel (1) has described lesions of con- 
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gestive nephritis with interstitial hemorrhages, changes in the glomeruli and con- 
voluted tubules, proliferation of the endothelial cells and infiltration with mono- 
nuclear phagocjdes, and scarcity of polymorphonuclear leucocytes. In acute and 
subacute cases he observed inflammatory reactions in the glomeruli, degeneration 
of the uriniferous tubules, perivascular infiltration, degenerative processes in the 
epithelial cells, and cuffs of mononuclear cells around the vessels. Liittschwager 
(10) foimd microscopical hemorrhages in cases that did not show tj'pical gross 
lesions in the kidneys. 

Macroscopicallj^, petechial and ecch}Tnotic hemorrhages are foimd quite regu- 
larly under the capsule and rarely in the medulla and pelvis. However, in some 
cases there are so few hemorrhages that diagnosis from macroscopic examination 
alone is difficult if not impossible. 

The meter, bladder, and urethra often show subserous hemorrhages or hemor- 
rhages on their mucous surfaces, but the gross lesions in these organs are far less 
common than in the kidneys. 

InlersHtial Tissue . — The small hemorrhages scattered through the cortex and 
through other parts of the kidneys in practically all cases are regularly associated 
with the changes in the walls of the affected capillaries. However, the extent of 
the hemorrhages does not always correspond to the extent of blood vessel in- 
juries. The fact that they frequently occur near the point of entrance of small 
blood vessels into renal glomeruli (Fig. 4) and that they are often limited to such 
a distribution in early cases where other changes are not recognizable, suggests 
that primary injuries occur in the walls of small vessels at these points. Small 
subcapsular accumulations of blood have a tendency to spread laterally imder the 
capsule so that in cases accompanied by severe hemorrhages a number of these 
combine to form large subcapsular effusions of blood. Numerous small hemor- 
rhages occurring in the cortex infiltrate interstitial tissue masses of scarcely greater 
dimensions than glomeruli. Sometimes they are extensive and greatly diffused. 
Dense accumulations of red blood corpuscles frequently cause the tubules to be 
widely separated (Fig. 4) and in some areas to be compressed or even collapsed. 
In more extreme cases the normal structures of the kidneys are obscured by the 
predominance of erj'throc^des. Edema is imperceptible in most cases though it is 
occasionally present. WTien present it is more pronounced around affected blood 
vessels, mainly in the medulla and adjacent cortex. 

Not only edema and hemorrhages but ako perivascular infiltrations with 
macrophages (histiocytes) and l>Tnphocytes are seen in the more adimnced stages 
of the dUease (Fig. 5). The infiltrating celk, frequently showing degenerative 
changes, sometimes become so numerous and widespread as to obscure other 
structures. Necrosis of the interstitial tissues is often continuous with that of 
blood vessel walk, but nccrosk as a result of infarct formation is not found. 
Proliferation of interstitial connective tissues, occasionally seen, appears to be an 
extension of the process taking place in the adventitia of the blood vessels. In 
general the capsule of the kidney shon-s no significant changes. 
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Renal Glomeruli . — Capillaries in the renal glomeruli often show the same 
degenerative changes in their walls as do capillaries in other parts of the kidneys. 
Hemorrhages in the renal glomeruli occur frequently even in the early stages of 
the disease process (Fig. 4). Proliferation of the glomerular epithelium is seldom 
observed. In two cases the renal glomeruli and other structures showed amyloid 
degeneration. Bowman’s capsules exhibit hemorrhages much less frequently 
than one would expect. Sometimes degenerative changes in the renal glomeruli 
extend to and include the walls of the corresponding Bowman’s capsules. On the 
other hand, retrogressive changes of the cells lining Bowman’s capsules are ob- 
served where there are no appreciable changes in the corresponding renal glomeruli. 

Tuhtles . — ^The tubular epithelium shows varying retrogressive changes in a 
great many cases (Figs. 4, 5). In a few instances the tubules contain red blood 
corpuscles and fragments of corpuscles. These ma)'^ have been caused by hemor- 
rhages in the renal glomeruli or, in advanced stages of tubular degeneration, by 
the extension of interstitial hemorrhages into the tubules (Fig. 5). In some areas 
the degenerative lesions of the tubules are so pronounced that the structures are 
no longer distinguishable in the homogeneous necrotic masses. 

Ureters, Bladder, and Urethra . — ^In the few cases examined the walls of the 
ureters, bladder, and urethra showed lesions of the blood vessels, perivascular 
hemorrhages, and accumulations of round cells similar to those observed in the 
kidneys and in the lymph nodes. 

C. Digestive Organs 
1. Liver 

In twenty-three cases examined fifteen showed vascular lesions 
some of which were associated with hemorrhages. Although these 
hemorrhages were noticed especially around the capillaries the struc- 
ture of the liver frequently makes it difficult to define the boundaries 
of hemorrhagic areas or to associate them with definite blood vessel 
lesions. In addition, the necrotic process in the blood vessel walls 
extends into the surrounding structures including the parenchyma- 
tous tissue and produces lesions very similar to those found in the other 
organs. In only one case was the necrosis found to extend from the 
central vein to include up to one-half of the affected lobule (Fig- 6)- 

In a number of cases infiltration of the interlobular connective tis- 
sue with mononuclear cells or connective tissue proliferation was ob- 
ser\’’ed, especially around certain bile ducts and blood vessels, as de- 
scribed by Eberbeck (11). Their occurrence is not constant enough 
to indicate the action of the hog cholera virus in this organ. 
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2. Intestinal Tract 

The intestinal tract -was studied only in the early stages of the dis- 
ease process and the same blood vessel lesions were found in the mucosa 
and, rarely, in the submucosa of the large intestine. Hemorrhages 
associated with them are as frequently observed as in other organs 
but foci of necrosis are seldom seen in the early stages of the disease. 
Hemorrhages are also found around blood vessels and capillaries that 
show no visible changes. Frequently the capillaries between the 
glands in the mucosa are enormouslj’’ dilated and filled with red blood 
corpuscles. In addition to these lesions there are slight degenerative 
changes in the epithelial cells, slight edema in the connective tissue, 
and frequently an accumulation of round cells around the blood ves- 
sels in the mucosa, less frequently in the submucosa. In a few cases 
Ieucoc3i;es are present in great numbers in the ducts of the glands. 
Necrosis which sometimes is present extends from changed blood 
vessels and seems to lead to the formation of ulcers. The study of 
typical larger ulcers in the intestinal tract is not included in this work. 

D. Remaining Organs 

The remaining organs, notably the lungs, heart muscle, endocrine 
glands, and skin, were not included in routine examination because in 
general they are not the site of typical lesions in this disease. How- 
ever, in a number of cases in which these organs were studied the same 
blood vessel lesions were found. Hemorrhages in the skin are not 
always associated with visible blood vessel lesions. Bronchopneu- 
monic areas in the lungs were seldom present in our material. 

DISCUSSION 

From this study it is evident that the blood vessel lesions described 
in the previous paper of this series are responsible in great part for the 
characteristic pathological picture of this disease. Not only the hem- 
orrhages but also the foci of necrosis in the various organs and the 
anemic infarcts in the spleen find a logical explanation on this basis. 
The various organic lesions described in this paper are essentially the 
result of the more or less pronounced hemorrhages. Frequently 
inflammatory* processes in various degrees, as found in the lymph 
nodes and kidneys, have complicated the histological picture. It must 
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be admitted, however, that frequently hemorrhages are found around 
blood vessels that do not show visible changes. On the other hand, 
even pronounced blood vessel lesions are not alwa3’’s associated with 
perivascular hemorrhages. 

It is important to note that the duration of the disease in general 
does not determine the type of lesions found in the various organs. 
Often the course of the disease is so rapid that ver}'’ severe lesions are 
found at earlier stages than one would expect. Roehrer (7) believes 
that the occurrence of splenic infarcts decreases nnth the length of 
the disease. However, this observation is not in accordance rvith our 
experience. No fundamental difference can be distinguished between 
the histological lesions in cases of hog cholera produced by virus 
alone and those complicated by secondarily invading bacteria. Mdiile 
we feel, in agreement with Roehrer (3, 7), that the number and the 
necrotic character of the lesions in the various organs are not depend- 
ent on the presence of secondarily invading bacteria, nevertheless, 
they are influenced to a certain degree by these organisms. This 
holds true especially for the lymph nodes, spleen, kidneys, and intesti- 
nal tract. In addition, the degree of degenerative changes, especially 
in the lymph nodes and kidneys, is evidently influenced by compres- 
sion resulting from large accumrflations of red blood corpuscles and 
round cells. Marked atrophy of the lymphoid tissue in the lymph 
nodes and spleen frequently seems to be due to the same cause. On 
the other hand the decrease of lymphoid cells and atrophy of follicles 
and germinal centers is often present in cases in which hemorrhages are 
not pronounced. These lesions in the lymph nodes and spleen seem to 
account for the lymphopenia which is almost always present in virus 
hog cholera. We are under the impression that the hog cholera \nrus 
is able to paralyze the l}mphopoiesis in the early stages of the disease, 
hj’-perplasia of the lymph nodes and spleen being found very rarely 
and only in the early stages. 

In connection with postmortem diagnosis, the follovdng new ob- 
servations in the histopathology of acute hog cholera demand con- 
sideration: first, the hog cholera encephalitis (see Paper I of tins 
series), and second, the vascular lesions and the lesions in the various 
organs resulting from them. Waldmann, Roehrer, and Eberbcck 
(12) emphasize the presence of the encephalitis. We believe, however, 
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that the diagnostic value of hog cholera encephalitis is a limited one 
because it occurs in only 60 to 80 per cent of the cases and because it 
is still questionable whether it is strictly specific for this disease. As 
we have shown, there is the possibility of confusing hog cholera en- 
cephalitis and meningitis with the brain lesions occurring in swine 
influenza and with similar inflammatory processes of unknown nature 
as described by Ehrlich (13), Fekete (14), Doyle (15), Bendinger (16), 
and others. According to our present experience^ the diagnosis of 
hog cholera cannot be based on the presence of an encephalitis alone. 
We feel that the vascular lesions and the changes resulting from them 
(especially in the lymph nodes, kidneys, and spleen) are far more 
important since they are almost invariably present. When present 
the splenic infarcts are of diagnostic value; but they are found in only 
40 to 60 per cent of the cases. 

In our work the histology in the various organs was very helpful 
in establishing a diagnosis in a number of cases in which the nature of 
the disease was doubtful from the gross anatomical lesions. Further 
investigation must show whether or not these changes can be relied 
upon in making a diagnosis of hog cholera. 

SUMMARY AND CONCLUSIONS 

1. The hemorrhages, foci of necrosis, and anemic infarcts met nfith 
m the various organs in virus hog cholera, result primarily from the 
vascular lesions described in a previous paper of this series. Although 
they are not dependent on the presence of secondarilj’^ invading bac- 
teria, their severity is influenced by these organisms. 

2. The lesions in the lymph nodes, spleen, kidneys, and central 
ner\'ous system seem to be of special diagnostic value in questionable 
cases of hog cholera. The presence of an encephalitis alone does not 
justify the diagnosis of hog cholera because in the central ncrx’ous S 3 ’S- 
tem of swne similar inflammatory’ lesions occur in other diseases. 
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EXPL.ANATION OF PL.ATES 
Plate 23 

Fig. 1. Necrotic blood vessels and large necrotic areas in the cell-poor sub- 
stance of a l)’’mph node. The sinus and peritrabecular tissue is not affected by the 
necrosis. Hematoxjdin-eosin. X 220. 

Fig. 2. Necrotic marginal spleen infarct with peripheral hemorrhagic zone. 
Atrophy of lymphoid tissue in the other parts of the spleen. Hemato.vyhn- 
eosin. X 12. 

Plate 24 

Fig. 3. Apex of necrotic spleen infarct with occluded lumen of a small artery. 
Hematoxj'lin-eosin. X 245. 

Fig. 4. Hemorrhages in a renal glomeruli and in the interstitial tissues, and 
degenerative changes of the tubules. Hematoxylin-eosin. X 220. 

Plate 25 

. Fig. 5. Perivascular infiltration with macrophages and lymphocytes in the 
kidney. Hemato.xylin-eosin. X 260, 

Fig. 6. Extensive necrosis in the neighborhood of a central vein in the liver. 
Hematoxylin-eosin, X 300. 
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LYMPH PRESSURES IN STERILE INPLAMJIATION 


\Vhen size permitted, both vessels were cannulated and attached via a Y-tube to 
a vertical manometer. If one of the lymphatics was too small to cannulate, it 
was tied off. All other tymphatic paths were open. Injections of trj'pan blue 
into the legs of dogs confirm Baum (5) in showing two large lymphatics on the 
dorsal surface of the foot, in the region of the ankle, with a number of intercon- 
nections at different levels. There are also connections with smaller Ijanphatics 
draining the posterolateral side of the leg, so that in tjdng off tliese two lymphatics 
the drainage of l^miph is diverted into collateral paths and is not materially ob- 
structed. The pressure of lymph in the lymphatic was determined by allomng the 
lymph to flow directly into a calibrated vertical manometer. 

In several of the experiments venous pressure measurements were taken at the 
same time. A canmfla was tied into a small venous branch at the ankle in the 
same region which was e.xposed through the same incision as tliat in which the 
lymphatics were picked up. The venous cannula was attached to a citrate wash- 
out S 3 'stem and the pressure was recorded in terms of centimeters of water. 


TABLE I 

Maximum Lymph Pressures in Sterile Inflammation 


No. of dog 

1 

Date 

Weight 

Treatment 




H. 

min. at 100°C. 

cm. of lymph 

1 

Dec. 8, 1931 

23.0 

2 

106.4 

2 

Feb. 24, 1932 

19.5 

2 

118.2 

3 

Feb. 26, 1932 

20.0 

2 

78. 0* 

4 

Mar. 2, 1932 

22.0 

2 

IIS. 8 

5 

Mar. 4, 1932 

20.0 

2 

120.0 


* Graphite previously injected plugged cannula at one time. 


After a series of normal readings had been taken, the whole paw up to the 
ankle was immersed either in water at 100°C. for a period of 2 minutes or in water 
at lower temperatures for varying lengths of time. Lymph pressure and venous 
pressure were recorded during the immersion and at intervals thereafter until the 
lymph pressure reached a maximum. 

The rate and amount of lymph produced were determined in some e.xperiments 
by the use of calibrated cannulas in the opposite leg which was treated in the same 
manner. Protein determinations were made refractometricalty. 

RESULTS 

In an anesthetized dog, the pressure in the Ijunphatics of the quies- 
cent leg is not measurable. It has been our experience and the c.x- 
perience of others (Paschutin (6), Emminghaus (7) and Starling (3)) 
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LVMPH PRESSURES IN STERILE INELAMMATION 


venous pressure were recorded simultaneously. The venous pressure 
rises as soon as the water at lOO^C. touches the foot and reaches a 
maximum about 16 cm. above normal in from 10 to 15 minutes. The 
lymph pressure rises rapidly, though always laggmg a few minutes 
behind the rise in venous pressure. Shortly after the venous pressure 
begins to rise arterial pulsations are visible in the venous pressure 
manometer, indicating the direct transmission of arterial pressure 
through the dilated capillary bed to the venous side. 

The protein content of normal leg lymph, which may vary from 0.5 
to 1.5 per cent, was usually found to be around 4 per cent after a 
sterile inflammation had been produced. Under such conditions the 
capillaries become injured and extremely permeable to the blood 
proteins. After such an experience blisters were commonly found 
between the toes. In one experiment it was possible to measure the 
protein content of the lymph, of the blister fluid and of the tissue fluid 
obtained by inserting a needle into the subcutaneous tissue. Botli the 
lymph and the tissue fluid had an average protein content of 3.5 per 
cent (three determinations, 15 minutes apart) while the blister fluid 
contained 2.5 per cent of protein. 

Marked swelling of the leg occurs in from 7 to 45 minutes after the 
inflammation has been produced. No measurements were made of 
the amount of the swelling and its initial appearance was recorded in 
the gross. The increase in lymph production and the otlrer lymph 
changes always occurred some time before swelling was noticed. 

Since immersion of the foot in water at 100°C. produces a severe 
inflammation, it seemed worth while to see what effect simple hy- 
peremia induced by water at lower temperatures would have on lymph 
pressure and to determine if possible at just what temperature changes 
in the lymph flow begin. 

Fig. 2 illustrates a typical and complete experiment in which l}Tnph 
pressure and venous pressure w^ere recorded simultaneously m one 
leg, and in which the protein content and the amount of lymph pro- 
duced "were measured in the other leg which was treated in exactly the 
same manner. After a series of normal control determinations had 
been made, the two feet arranged side by side in identical positions 
were placed in a water bath in w^hich the temperature could be raised 
to any desired degree. Control readings were also taken in water at 
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LYMPH PIOSSSURES IN STERILE INFLAMMATION 


duced by the opposite leg became very abundant and this lymph 
was more highly proteinized. The rate of lymph production of one 
leg plotted from the lymph pressure changes and measured directly 
on the opposite leg is seen to follow rather closely the changes in venous 
pressure produced by the water of varying temperatures, though tliere 
is always a slight lag. 

In order to determine whether or not lymph obtained from legs 
inflamed in a sterile manner contains any toxic or depressor substance, 
intravenous injections into rabbits and cats whose arterial blood 
pressure was being recorded were tried. Normal lymph was used 
as a control. It was found that the inflammatory lymph contained 
no depressor substance and was as innocuous as normal lymph. 

DISCUSSION 

Under conditions of sterile inflammation such as have been pro- 
duced here, there can be no question of generalized lymphatic throm- 
bosis during the periods of observation, which were often 8 hours in 
length. The lymph flow is enormously increased and the ease vith 
which the lymphatics may be entered can be demonstrated by in- 
jecting graphite into the subcutaneous tissue. Very often the in- 
jecting needle will enter a distended lymphatic directly and graphite 
will appear in the cannulated ankle lymphatic in less than a second 
after pressure has been applied to the plunger of the syringe. This 
is not the case with injections in the normal leg. One observation 
was made on the inflamed leg 24 hours after the onset of inflammation. 
In this case the lymph was still flowing though not as abundantly as 
it had been 12 hours previously. 

The greatly increased extravascular fluid must cause the lymphatics 
to become dilated since the foot is able to swell freely in all directions. 
If the lymphatics were attaclied on their outsides to surrounding 
tissue, as Heimberger (8) has observed in the case of the capillancs 
at the base of the nail, then swelling would cause them to be pulled 
apart rather than to collapse, as the pathologists would have us 
believe, when fluid gathers in the extracellular spaces (Adami (9))- 
Our experience is quite in accord with some observations of the Clarks 
(10) on edematous tadpoles and cliicks in which they found that in 
cases of generalized edema the lymphatics invariably enlarged and 
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that the delicate lymph capillaries did not collapse with the increased 
pressure outside the vessels, but on the contrary continued to absorb 
fluid until they became very much distended. 

Menldn (11) has showm that trypan blue injected directly into the 
site of inflammation in the subcutaneous tissues is fixed in the in- 
flamed area and fails to reach the regional lymph nodes. He has 
explained this failure of penetration by the occlusion of the Ijunphatic 
vessels and by the presence of a fine network of fibrin in the tissue 
spaces of the inflamed area. Because of the large amoimts of free 
flowing lymph which we have always obtained up to 8 hours and in 
one case 24 hours after the onset of the inflammation, it is difficult to 
see how there could be any generalized thrombosis of the lymphatics 
in the region drained, yet trypan blue is fixed under such conditions. 
Examination of the subcutaneous tissues in such an inflamed leg shows 
that the tissue is extremely gelatinous in appearance. It would seem 
more likely, in the tj^e of inflammation dealt with here, to explain 
the failure of trypan blue to reach the lymphatics on the basis of its 
inability to diffuse through such a mass, rather than by actual lym- 
phatic blockage. In the dog in which the inflammation was of 24 
hours duration and in which trypan blue had been fixed, mere han- 
dling of the leg caused the trypan blue to appear in the Ijmph in a 
very short time. In this case there could have been no lymphatic 
blockage. 


SUMMARY 

1. The normal lymph pressure in the legs of anesthetized dogs is 
not measurable. 

2. The maximum pressure of lymph in the quiescent leg under con- 
ditions of sterile inflammation is around 120 cm. of Ijmph. 

3. ^ Venous pressure rises immediately in a region subjected to 
sterile inflammation and then slowly returns to normal. The rise in 
Ijmph pressure follows the rise in venous pressure. 

^ 4. Changes in hmph flow, hmph pressure, and protein concentra- 
tion of the hmph occur when the part producing l>mph is subjected 
to external temperatures between 50’ and 60’C. 
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GRADIENT OE CAPILLARY PERMEABILITY 


surgical procedures light ether was required in addition. Loss of heat was pre- 
vented by keeping the animal on a warm pad. 

Chicago blue 6B was the dj'e of choice, and voluntarj’’ muscle the tissue observed. 
As proven in a previous paper (1) specific affinities are not responsible for the 
staining, for the dye passes directl}’- from the blood to the interstitial fluid, the 
initial coloration of the muscle being due solely to its presence in this fluid. It is 
poorly diffusible and the gradient of its escape is plainly visible in the gross color 
pattern. The initial escape of the dye, w'hich is restricted to the further portion 
of the capillaries, can be followed with the microscope. 

The warmed isotonic solution of purified Chicago blue (7 per cent in 0.45 per 
cent NaCl) was introduced in approximately 3 minutes; 7 minutes later the 
carotids were cut and the muscles examined at once. The general technique of 
examination has already been described, as also tlie color pattern indicative of the 
gradient of permeability along the muscle capillaries (1), — regularly distributed 
blue bars in long muscles, and a fem-like pattern in the sheet muscles of the 
abdomen, attesting to the progressive increase in the escape of dye along the fur- 
ther part of the capillaries. Variations in the rate and abundance of escape are 
frequent in normal animals; and hence only marked and constant departures 
from the characteristic findings can be deemed significant. 

Some of the experimental procedures entailed important changes in the blood 
volume. The cell-plasma ratio furnished a rough index to them. To obtain th:s 
ratio duplicate blood specimens taken from the ear into standard 0.04 cc. pipettes 
were diluted with 2 cc. of 0.9 per cent NaCl in Hamburger tubes (3) and the pro- 
portion of cells determined after centrifugation. Bj' this method changes in the 
cell volume due to alterations in the tonicity of the serum were avoided. In all 
calculations the normal blood volume of the rabbit was assumed to be 5.5 per cent 
of the body weight (4). 

The carotid blood pressure was followed w'ith a kymograph. Blood proteins 
were determined by the method of Van Slyke, using specimens taken from an car 
vein. In certain cases the percentages of both albumin and globulin were deter- 
mined in order to apply the osmotic pressure formula of Govaerts (5). 

Effects of Increasing the Plasma Proteins 

The recent work of Adolph and Lepore (6) has shown that during the 
readjustment of blood bulk after introduction of hypo- and hypertonic 
solutions into the circulation, the voluntary muscles gain and lose 
fluid respectively. It is well known that tire plasma constituents 
of transfused blood begin to leave the circulation almost at once, and it 
seems not improbable that some portion enters the muscle. H this 
is the case, the conditions affecting distribution of dye to this tissue 
during the readjustment after transfusion may be very different from 
those obtaining when the blood bulk has become stationary- 
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GRADIENT OF CAPILLARY PERMEABILITY 


between glass and collodion or sucking it up again. The excess displacement is 
taken care of by the reservoir h' which is connected with a sterile rubber bag to 
prevent free entry of the atmospheric air while permitting change of the serum 
level. The result is that the fluid in contact with the collodion surface is con- 
stantly changed. If now the pressure in the filter flask F is diminished to 400 mm. 



Hg by means of the laboratory vacuum, filtration proceeds rapidly, — at a rate o 
about 4 cc. per minute to begin with, and somewhat more slowly as concentration 
progresses. The entire operation is carried out in an ice box at 2.5°C. In t ns 
way several hundred cubic centimeters of serum can be concentrated to about a 
fifth of its bulk within a few hours. The ultrafiltrate is sterile, colorless, protein^ 
free and has the same freezing point as the original serum. The concentrate la 
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brownish red, — the ruddy tint being referable, as the spectroscope shows, to 
hemolysis imperceptible in the original serum, — ^but clear and not at all syrup}\ 
The dose agreement of the freezing points of ultrafiltrate and original serum, as 
well as the bulk of the separated fractions, attests the absence of any significant 
evaporation. This could be eliminated entirely by introducing into the flask a 
layer of sterile, washed paraffin oil, through which the ultrafiltrate would sink. 

For determination of the protein concentrations in plasma and concentrate, 
Van Slyke’s method was employed as has already been mentioned. Amounts of 
protein up to twice that contained in the animal’s own total plasma were injected 
at body temperature into an ear vein of the rabbit used in the experiments. A 
test was made beforehand to find whether the concentrate hemolyzed or agglu- 
tinated the prospective redpient’s blood. Hemolysis was never met and agglu- 
tination but rarely. In the latter case a compatible recipient was chosen. Since 
the serum had been outside the body more than 24 hours during the concentration 
there was no reason to expect the imtoward efiiects recorded by Freund (8) for 
fresh serum; nor were they encountered. The injection was always well tolerated 
and the blood pressure remained high. 

Hematocrit specimens taken after the injection of concentrate 
showed a diminution in the percentage of red cells much more consider- 
able than could be accounted for by the fluid bulk introduced. It was 
plain that the increase in circulating protein had caused fluid to enter 
the blood from the tissues. The dye injection was not made until the 
blood volume had become approximately stationary. Hematocrit 
readings at this time indicated that the increase in volume w’as not 
great enough to reduce the protein percentage to that existing prior to 
the injection, and blood specimens taken just prior to dye injection 
proved that the concentration of protein per cc. of blood was indeed 
much increased, by as much as 40 per cent in individual instances, as 
already stated. 


SPECIMEN PROTOCOLS 

Rabbi! Injected vnih Normal Plasma . — A male rabbit weighing 1200 gm. was 
fasted for 24 hours but allowed water. At 2:15 p.m. 0.7 cc. of 10 per cent 
amytal was given intravenously. Prompt hj-pnosis occurred, with a somewhat 
depressed respiratoiy rate. At 2:35 a first blood spedmen was taken from the 
car and at 2 : 50 the carotid ^s-as cannulated and the blood pressure tradng started 
M3 : 15, with the blood pressure at 70 mm. of Hg the injecrion of u-armed heparin’ 
izcd phsma was begun. The first 20 cc. wus given rapidlv (in 2J minutes) and 
the pulse rate slowetl considerably, while the blood pressure rose The inicrimr, 
was continued at a slower rate until 62 cc. in all had been introduced in 10 
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minutes. The blood pressure was now 80 mm. Hg. The animal was covered to 
conserve warmth and blood specimens were taken at intervals. The table shows 
the changes. 


Time 

Red cells 

Serum protein 

I 

Blood pressure 

p.m. 

fer cent 

cm. per cent 

mm. Bg 

2:35 

35 

5.58 

70 

3:15 

(62 cc. of plasma injected between 3: 15 and 3:27) 

3:30 

21 

7.12 

80 

3:45 

25 


75 

4:00 

26 



4:30 

27 

1 

73 

5:00 

27 



5:30 

27 



6:00 

27 


65 

6:30 

26 


Clotting in cannula 

7:00 

26 


1 

7:30 

26 

7.58 



Rabbit Injected with Serum Concentrate . — A female rabbit weighing 1520 gm. 
was fasted for 24 hours. The red cell percentage was 43 and the serum protein 
6.3 gm. per cent. At 1 ; 40 p.m. 0.5 cc. of 10 per cent amytal was given intrave- 
nously. At 2:08 p.m. the carotid was cannulated; and at 2:21 the injection of 
warmed concentrated serum (24.7 gm. per cent protein) was begun. 12 cc. was 
injected in 4 minutes. An hematocrit reading taken 6 minutes later showed a 
red cell percentage of 34. At 2 : 50 the reading was 33, and at 3 : 00 again 34. The 
serum protein was now 8.4 gm. per cent. 

In the animals of the foregoing protocols and in others treated in 
same way, no dye was given. They were utilized merely to determine 
the course of the readjustment. 

In the succeeding experiments dye was given at a time when the 
successive hematocrit readings indicated that the blood volume had 
become stationary. The amount of Chicago blue put into circulation 
was the same per cc. of plasma that yielded in normal rabbits a well 
marked coloration having the pattern indicative of the gradient of 
vascular permeability. Since staining intensity is conditional upon 
the concentration of dye in the plasma, allowance had to be made for 
the increase in plasma volume. This was calculated from tlie cliange 
in the red cell percentage, assuming that the original blood volume 
amounted to 5.5 per cent of the body weight. We w'ere interested, not 
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in the eventual distribution of dye throughout the tissue of the rabbit, 
but only its first escape from the blood. Consequently the fact that 
the amormt of stainable tissue was imaltered by the procedure could 
be disregarded. 

The staining encoimtered in animals treated as described and killed 
after the routine period of 10 minutes from the beg i n nin g of the injec- 
tion showed significant and constant deviations from the normal. The 
coloration was less intense than in normal rabbits and more narrowly 
localized to the furthest capillary region — ^the region of greatest perme- 
ability. One may liken the picture to that of the staining in a normal 
rabbit vith one wash of color removed. 

In the experiments just described conditions had become stabilized, 
the readjustment of the blood bulk having ceased. In the following 
experiments dye was given together with the concentrate and its 
escape occurred while the readjustment was going on. The change in 
the percentage of circulating protein could not be determined directly 
in these cases because the blood carried a nitrogen-containing dye. 

A male rabbit weighing 1860 gm. was given amytal at 2 : 15 p.m. By 3 :01 p.m. 
the carotid arterj' had been cannulated and connected with the manometer. At 
3 : 10, 4.5 cc. of an isotonic watery solution of Chicago blue and 2.5 cc. of concen- 
trate were injected in 4 minutes and 40 seconds. After another 20 seconds a 
further injection of concentrate alone was begun and 8 cc. more of it was introduced 
in 8 minutes and 30 seconds. The skin vessels showed moderate dilatation as the 
injection proceeded. The carotids were cut 2 minutes after it ended. Autops}’ 
showed the familiar, barred, blue pattern in the voluntary- muscles with the bands 
somewhat narrower and of a lighter hue than under ordinarj' circumstances. 

As control a 1900 gm. rabbit was anesthetized lightly with ether and given 3.7 
cc. of the same dye solution in 3 minutes. The carotids were cut after e.xactly the 
same lapse of time as in the caeperiment just described. Autopsy showed the usual, 
relatively pronounced staining. 

In Table I the blood changes in the animals of the two groups of 
experiments arc summarized. 

Effects of Ilypcrlonic Soluliojis 

To supplement the observations on the effects of increasing the 
plasma proteins, several c.xperiments -were made upon the course of the 
staining as influenced by the injection of a hypertonic solution of glu- 
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GRADIENT OF CAPILLARY PERMEABILITY 


Effects of Redttcing the Plasma Proteins 

The percentage of circulating plasma proteins can be readily reduced 
by plasmapheresis. As ordinarily carried out this involves the re- 
peated return of washed red cells suspended in Locke’s solution. 
There is much in the literature to suggest that the best of salt solutions 
may harm the capillary endothelium, and it is essential to prevent 
such injury if one is to measure capillary permeability. In an initial 
series of experiments recourse was had to the ability of the animal to 
make up its own blood bulk after each removal of cells. Robertson 
and Bock have shown that forcing water by the alimentary tract after 
hemorrhage results in a remarkably rapid and effective restoration 
of the blood volume (9) . Utilization was made of this phenomenon. 

Warmed water or Ringer’s solution was administered to am 3 ’-talized rabbits b}' 
stomach tube, to the amount of 120 cc., and soon afterwards the anestlietized 
animal was bled repeatedly at short intervals and the cell sediment obtained on 
cen,trifugation was returned to the body by waj’- of a femoral vein. To replace the 
loss of the first bleeding the cells from a compatible donor were used. Thereafter 
those of the host were injected, as obtained at each previous bleeding. The bleed- 
ings were carried out rapidty from a carotid artery into a 1 per cent heparin solu- 
tion (1 cc. to 30 cc. of blood) . The mixture was centrifuged and the plasma pipetted 
off as completely as possible. The cells were then suspended in 0.9 per cent NaCl, 
recentrifuged, the fluid discarded, and the sediment filtered through gauze before 
injection to remove the small amount of white granular fibrin which was ahvaj'S 
present in spite of the heparin. It was found that by the repeated bleedings and 
reinjections the plasma proteins could be reduced by about one-third in the course 
of 3 hours. The blood pressure tended to fall gradually but there was no other 
evidence of circulatory disturbance. The blood volume underwent a slight de- 
crease as indicated by changes in the proportion of red cells in hematocrit 
specimens. 

The amount of djm to be introduced was calculated on the basis of the plasma 
volume existing at the time of the injection. The blood pressure tracing was con- 
tinued until the animal was killed. 

In some further experiments the washed cells were made up to the 
original volume by the addition of ultrafiltrate obtained as a by-prod- 
uct to the concentration of protein by the method already described. 
Although the plasma was thus replaced by a fluid which lacked only 
the proteins of the blood, the blood pressure and volmne fell to approxi- 
mately the same extent as when no addition had been made to the 
cells prior to their reinjection. 
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GRADIENT OE CAPILLARY PERMEABILITY 


The Influence of Adsorption of the Dyes 

The experiments prove that Chicago blue escapes more readily from 
the blood when its plasma proteins have been reduced, and ivith greater 
difficulty when they have been increased. One cannot conclude forth- 
with, however, that the differences are the result of a lessened or in- 
creased colloid osmotic pressure; for the possibility exists that they are 
due, in part at least, to adsorption of the dye on the plasma proteins. 
Marshall and Vickers have found that ultrafiltration of an aqueous 
solution of phenolsulfonphthalein through a collodion membrane 
yields a fluid of the same dye concentration as the original solution, 
but that ultrafiltration of a plasma mixture yields a more dilute filtrate 
(10). They suggest that certain phenomena in the renal elimination 
of phenolsulfonphthalein may be due to adsorption of the dye on 
the plasma proteins. Grollman showed that phenol red is indeed 
adsorbed on the blood proteins, more especially on the albumin frac- 
tion (11). 

Tests for the fiixation of Chicago blue on blood proteins by the 
method of ultrafiltration through collodion membranes are rendered 
difficult by the indiffusibility of the dye. Even through highly per- 
meable membranes little passes from an aqueous solution in the course 
of several days. However, the diffusion method of Northrop and Anson 
in which a partition of porous glass is utilized (12), proved admirable 
for our purpose. 


The cell, sealed with the porous glass, was filled with fluid containing a known 
amount of dj^e, and the stop-cock was closed, thus preventing alterations in the 
volume of the fluid by osmotic transport of w'ater, which might have interfered with 
the free diffusion of the dye. An ultrafiltrate of rabbit serum, prepared in the way 
already described, was run into the outer jacket in sufficient quantity just to cover 
the porous disc. The fluids had been cooled previously to 2.5°C. and the appa- 
ratus was kept at tliis temperature. 

The ultrafiltrate outside of the cell was drawn off and replaced at regular inter- 
vals of time and the amount of dye that had passed into it was estimated colori- 
metrically. This amount became constant when the concentration gradient o 
dye in the membrane had established itself, and this in turn was a function of c 
diffusibility of tlie dye and of the concentration within the cell of its freely diffusib c 
portion, as distinct from that adsorbed on the blood proteins. The porous 
employed was 0.5 mm. thick and impermeable to proteins within the time limit o 
our e.x'periments, as proven by preliminar}' tests specifically directed to the pom . 



383 


™ MW MACD0NAU> BI® 

SMITH A3SU 

alter the ceU na _ amount pet j-ft,,ced more than 


[imes 




384 


GRADIENT OE CAPILLARY PERMEABILITY 


It will be seen from Table III that dye diffused with far greater ra- 
pidity from tlie filtrate than from the serum. Since the amount of dye 
passing in unit time through the disc after the concentration gradient 
becomes uniform can be taken as a measure of the freely diffusible dye, 
it would appear that, in the instance given, as in others not here re- 
corded, only about 30 per cent of the Chicago blue in the serum mi.x- 
tures was available for diffusion, tlie remainder being adsorbed on the 
plasma proteins. The objection that the pores of the disc had become 
clogged with protein particles is disposed of by the control obser\'a- 
tions made after the use of a serum-dye mixture. The figures indicate 
that there was no meclianical clogging; indeed more fluid came through 
into the first control specimen than into the corresponding one of tlie 
preliminary series. 

By a test of another sort the adsorption of Chicago blue was readily 
demonstrated. A marked reduction of the tinctorial value of phenol 
red is associated with its adsorption upon tlie blood colloids. The 
same holds true of Chicago blue, dilute solutions in senmi being less 
intensely colored than similar ones in Ringer’s fluid. To test whether 
this holds true when the dye is present in tlie amount per cc. of plasma 
employed in our animals, it has been necessary to utilize tliin layers of 
fluid, since the deep color of the solutions tends to mask differences 
between tliem. Small drops of serum and of salt solution containing 
dye in the same appropriate quantity were placed side by side m a 
hemocytometer chamber having a double dais. Comparison showed 
a pronounced difference in their intensity of color, the mixture wth 
salt solution being by far the deeper blue. No attempt was made to 
quantitate tlie difference. 


DISCUSSION 

The experiments show that ivlien the percentage of the blood pro- 
teins is experimentally increased, the passage of Chicago blue from the 
muscle capillaries into the tissue takes place more slowly than usua 
and is confined in the begiiming to the furthest portion of these 
vessels. When tlie proteins are decreased the dye escape is more 
abundant than usual and extends further back along the capillarms. 
In botli cases the staining pattern is still indicative of an increasing 
permeability of tlie vessel wall as the venule is neared. 
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GRADIENT OF CAPILLARY PERMEABILITY 


the influence of adsorption upon the proteins was obtained in the plas- 
mapheresis experiments in which no fluid was added to the red cells 
restored to the circulation. In these experiments the carotid blood 
pressure fell, owing in part at least to a gradual lessening of the blood 
bulk. From previous knowledge it seems certain that there had been 
some compensatory restriction of the muscle circulation (14). Never- 
theless the escape of dye from the capillaries was more abundant 
and the extent of the gradient of permeability was greater than under 
normal conditions, while, furthermore, dye escaped everywhere along 
the capillaries as does not happen ordinarily, — all this being due, it 
would appear, to the diminution in blood protein, which left more of 
the injected dye available for diffusion. 

Can it be that the greater and greater escape of dye as the blood 
carries it along the capillary way, an increase essentially independent 
of the hydrostatic pressure (2) and of osmotic conditions, is caused by a 
progressive falling off in the amount of dye adsorbed upon the blood 
proteins as the blood flows along, with result that more becomes avail- 
able progressively for escape through the capillary wall? Such a view 
entails the assumption that the changes taking place in the blood in its 
passage from arteriole to venule are such as would act to lessen adsorp- 
tion. If this were the case, the gradient should vary directly unth 
the magnitude of these changes, being less marked and even absent 
in proportion as they are prevented. Several facts negate this possi- 
bility. After section of the nerves to mammalian muscle the gradient 
persists although the blood undergoes but little alteration during its 
rapid passage through the dilated capillaries. The blood entering the 
capillaries of frog skin is essentially venous, having the lowest tension 
of oxygen and the highest of carbon dioxide to be found anywhere in 
the circulation, and it is rendered arterial on its way to the venules. 
Despite this reversal of the ordinary condition of affairs along capilla- 
ries, dyes escape in greater and greater amount from these vessels as the 
venules are neared, just as in the case of mammalian capillaries. Fur- 
thermore, when the circulation is cut off after dye has been allowed to 
enter the vessels of the mouse’s ear, the staining that gradually ensues 
from capillaries dilated as the result of a previous ischemia shows that 
the gradient of dye distribution still exists, although now the stagnant 
blood has become venous eveiynvhere. These facts would seem to rule 
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the influence of adsorption upon the proteins was obtained in the plas- 
mapheresis experiments in which no fluid was added to the red cells 
restored to the circulation. In these experiments the carotid blood 
pressure fell, owing in part at least to a gradual lessening of the blood 
bulk. From previous knowledge it seems certain that there had been 
some compensatory restriction of the muscle circulation (14). Never- 
theless the escape of dye from the capillaries was more abundant 
and the extent of the gradient of permeability was greater than under 
normal conditions, while, furthermore, dye escaped everywhere along 
the capillaries as does not happen ordinarily, — all this being due, it 
would appear, to the diminution in blood protein, which left more of 
the injected dye available for diffusion. 

Can it be that the greater and greater escape of dye as the blood 
carries it along the capillary way, an increase essentially independent 
of the hydrostatic pressure (2) and of osmotic conditions, is caused by a 
progressive falling off in the amount of dye adsorbed upon the blood 
proteins as the blood flows along, with result that more becomes avail- 
able progressively for escape through the capillary wall? Such a wew 
entails the assumption that the changes taking place in the blood in its 
passage from arteriole to venule are sucli as would act to lessen adsorp- 
tion. If this were the case, the gradient should vary directly vith 
the magnitude of these changes, being less marked and even absent 
in proportion as they are prevented. Several facts negate tins possi- 
bility. After section of the nerves to mammalian muscle the gradient 
persists although the blood undergoes but little alteration during its 
rapid passage through the dilated capillaries. The blood entering tlie 
capillaries of frog skin is essentially venous, having the lowest tension 
of oxygen and the highest of carbon dioxide to be found anyv'here in 
the circulation, and it is rendered arterial on its way to the venules. 
Despite this reversal of the ordinary condition of affairs along capilla- 
ries, dyes escape in greater and greater amount from these vessels as the 
venules are neared, just as in the case of mammalian capillaries. Fur- 
thermore, when the circulation is cut off after dye has been allowed to 
enter the vessels of the mouse’s ear, the staining that gradually ensues 
from capillaries dilated as the result of a previous ischemia shows that 
the gradient of dye distribution still exists, although now the stagnant 
blood has become venous everjnvhere. These facts would seem to rule 
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pressure, though its effective extent is influenced thereby. The same 
has now been found to hold true as concerns alterations in the per- 
centage of plasma proteins. One must conclude, as from other evi- 
dence, that the gradient of vascular permeability disclosed by tlie 
escape of dye cannot be due to an interplay of hydrostatic and 
osmotic forces such as has generally been held to control exchange 
between the blood and tissues. Whatever the nature of the gradient, 
— and the evidence points to a structural cause for it, — ^it is a domi- 
nating factor in exchange. 


SUMMARY 

The influence of osmotic conditions on the gradient of capillary per- 
meability disclosed by the distribution into mammalian muscle of vital 
dyes has been tested experimentally. The percentage of circulating 
blood proteins was increased in rabbits by the injection of compatible 
plasma, or of compatible serum concentrate obtained by means of a 
new method of ultrafiltration which has proved both rapid and effec- 
tive. It was found that when this had been done and the circulator)' 
conditions had stabilized themselves, the gradient of capillary perme- 
ability still existed, though its effective extent was less than under nor- 
mal circumstances. When the percentage of circulating blood proteins 
was reduced, on the other hand, by repeated bleedings ^vith return of 
the cells, either as such or suspended in the protein-free fluid obtained 
by dialysis of serum, the extent of the gradient of capillary permeabil- 
ity was broadened and dye passed out into the tissue more readily 
than usual from the capillary as a whole. In contrast to these find- 
ings injection of a very hypertonic dextrose solution during the period 
when dye was escaping had no perceptible effect on the gradient of 
capillary permeability. 

The observed phenomena cannot be explained by a flow of dye- 
stained fluid into or out of the blood vessels. The gradient of capillar 
permeability exists independently of osmotic conditions, though its 
extent can be markedly influenced by altering the amount of circulat- 
ing blood proteins. A considerable proportion of the dye used to study 
the gradient is adsorbed upon these proteins, as subsidiary experiments 
have shown. This happening provides a sufficient cause for the 
differences observed in the extent of the gradient when the percentage 
of proteins is increased or diminished. 
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GASTRIC ULCER IN RATS LACKING VITAMIN B 


This ration is deficient in the vitamin B complex and vitamin C. The ther- 
mostabile portion of the vitamin B complex (vitamin G) was supplied by adding 
to the ration large amounts of brewers’ yeast which had been autoclaved for 6 
hours at 15 pounds pressure. Vitamin C w'as not supplied because the rat does 
not require it (2). The animals were handled with great care, in a model animal 
room, and all of the groups were apparentl}’’ free of infectious diseases throughout 
the course of the experiment. 

At the termination of the experimental period the animals were killed with gas, 
the stomach immediatel}'^ removed, slit open and placed in Zenker’s solution. Our 
original purpose was to observe any evidence of gastric dilatation and intestinal 
stagnation which have been said to occur in vitamin B-deficient animals (3). 
Therefore in the first animals examined (Nos. 1, 3 and 11) onlj’’ two levels of the 
gastric wall were sectioned. In all the other cases the stomacli was cut in five 
segments and embedded in paraffin. Most of each block wms sectioned, every 
third or fourth section being moimted and stained. More than 2,500 histologic 
preparations have been examined in the cases reported, each section including the 
entire circumference of the wall at one level. As routine the preparations were 
stained in Giemsa solution though other stains have been used for tlie special 
investigation of some lesions. 


RESULTS 


Givss Appearance of Stomach . — Gastric dilatation was observed in 
only a few animals and it bore no relationship to the degree of de- 
ficiency of the diet. Camera lucida drawings of the histologic prep- 
arations were used for our comparisons. The results were so in- 
conclusive they need not be given. Many of the completely deficient 
animals had small stomachs nearly empty of food. In some hair was 
present, generally in the rumen. Naked eye inspection showed no 
lesions of the stomach lining; and the ulcers whicli were found have 


never been positively identified in the gross specimens. 

The Incidence of Ulcers . — Of the 64 animals examined, Nos. 1 to 29 
inclusive had had little or no vitamin B in the daily ration, and, of 
these, twenty-one had one or more gastric ulcerations. Twenty 
animals (Nos. 45 to 64 inclusive) had larger amounts of vitamin B or 
were on a complete diet and in none of these were gastric lesions 
present. Nine animals (Nos. 36 to 44 inclusive) had been used for 
vitamin B assays. This involved a 40 day periodof depletion followc 
by feeding repeated, increasing amounts of vitamin B sources. They 
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GASTRIC ULCER IN RATS LACKING VITAMIN B 


were comparable, in total vitamin B intake, to the first group. Seven 
of them had gastric lesions. A group of six animals (Nos. 30 to 35 
inclusive) received only a small amoimt of vitamin B for periods of 
from 15 to 54 days. They were then given sufficient quantities of 
vitamin B source to relieve them of all clinical evidence of vitaimn 
B deficiency. These animals are therefore not included among tlie 
twenty-nine truly deficient animals. In none of them were gastric 
ulcers found. The incidence of gastric ulcer in the deficient group of 
rats is 73 per cent, while in those animals protected by larger amounts 
of the identical vitamin B source no lesions occurred. 

No difference in susceptibility to ulcer formation was noted between 
male and female animals. 

Eight of the lesions were chronic, indurated ulcers or scars of the 
gastric wall. Forty-seven of the lesions were acute erosions and nine- 
teen transitional forms showing some signs of induration and of 
reaction on the part of tlie gastric wall. The average duration of the 
cases in which chronic lesions were found was 114 days, while the 
average duration of the feeding period in those animals in which only 
acute lesions appear was 53 days. Acute ulcers were present uitli a 
chronic one in one stomach. 

74 lesions were present in all, representing various stages in the 
development of a chronic ulcer strikingly similar to the chronic peptic 
ulcer of man, as well as forms that represent stages of healing. There- 
fore the histologic changes are a matter of considerable interest. 

Structure of the Lesions . — The more acute lesions consist of minute punched out 
areas of necrosis of the gastric mucosa e.xtending into the deeper half of this coat. 
The necrotic cells are often present in the plugs of debris lying within the crater, 
the cells and nuclei shrunken and compacted (Fig. 8). Frequently the cells o 
the necrotic mass and the base of the erosion have a glassy, acidopliilic character 
(Fig. 12). In some of the cases a few polynuclear leucocytes are present, 
many more these are absent. As the lesion becomes older it also enlarges con 
siderably, the base becoming broader and slightly indurated. The basemen 
membrane becomes involved, inflammatory’’ cells are generally present and t e 
necrotic mass may be lost. The outline of the lesion is still punched out, ho\\c\cr 
(Figs. 5 and 6). 

Later stages resemble chronic peptic ulcer with a dense scarred base over 
by adjoining gastric mucosa, sometimes hyqjerplastic and redundant (Figs. 1 to 
The base of the ulcer shows digestion of its surface, contains leucocytes and o ten 
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thickened blood vessels and signs of vascular regeneration. Several of these 
lesions extend well into the muscular coats of the stomach. In such cases there 
is a pronounced inflamm atory’- reaction in the submucosa about the lesion. Still 
older lesions have been observed in which the crater has become a dense colla- 
genous scar, and one lesion shows a scar overgrown by a tuft of irregular and 
hyperplastic mucosa which arises from the margins of the lesion (Fig. 11). 

Distrihiilion of ihe Lesions . — ^The locations of the lesions are not 
known in all cases because they could not be seen in the gross specimen 
and often could not be definitely oriented in the histologic prepara- 
tions. Most of them occurred along the lesser curvature or near it. 
This can be determined because the rat’s stomach has an area of thick- 
ened mucosa along the greater curvature and this portion was affected 
in only two cases (both of which also had lesions elsewhere). Three 
of the ulcers occurred in the proximal duodenum. 

As is shown in Chart 1 acute lesions were found in all stages and 
degrees of vit amin B deficiency while the chronic lesions were found 
only in cases in which the period of deficiency was long. 

DISCUSSION 

Diel . — ^The diet used contained neither vitamin B complex nor 
vitamin C. It is presumably ample in all other known constituents. 
The vitamin G factor was provided in each case by daily dose of 500 
mg. of autoclaved yeast, but vitamin C was deficient in all of the 
animals. We have foimd no references pertaining to the gastric 
mucosa in rats on a scuny-producing diet. In fact no structural 
effect from vitamin C deprivation has been demonstrated in the rat. 
This animal is, indeed, able to live and propagate in apparently normal 
fashion without antiscorbutic substance and to maintain, under con- 
ditions of complete deprivation of vitamin C, large stores of anti- 
scorbutic in its tissues (4). A control group of thirteen animals 
received the identical basal ration augmented by xatamin B source, 
but no gastric ulcers were found in this group. 

Three studies of rats deprived of xntamin B have been published 
which arc of particular interest in the light of the present work. 

McCarrison (5) found an occasional ulcer in the stomach and intestines of 
nnimab deprived of both vitamin B complex and wtamin C, and ha\-ing a de- 
liberately unbalanced basal ration. He concluded that a faulty diet predisposes 
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to gastrointestinal infection and therefore to a number of lesions of the tract 
among which is gastric ulceration. McCarrison did not attempt to associate 
the lesions found with one food factor alone and was apparently more interested 
in the other intestinal disorders, which in his series were more frequent. Findlay 
(6), some years later, studied a group of vitamin B-deficient rats but all of his 
animals were completely deprived of the vitamin and died after an average period 
of 32.5 days. He saw no gastric ulcers. A more recent study, by Sure, Thatcher 
and Walker (7), in which partially deficient as well as completely'' deficient animals 
were examined, more nearly resembles our own studies. They found a small 
gastric ulcer in one animal. They examined many’- different organs of the body. 
No importance was attached to the ulcer. None of these authors has described 
or illustrated gastric ulcers and a structural comparison with those found in our 
own rats is therefore impossible. It seems likely’- to us that other lesions might 
have been formd in the animals of Sure, Thatclier and Walker if the search had 
been more inclusive. Since the lesions are so small that only a thorough histologic 
examination can be expected to identify tliem, it is not surprising that they may 
have been overlooked. 

Since the lesions described are structurally similar to those which 
occur in man it becomes interesting to compare the pathology in the 
two species. The most widely held view of chronic peptic ulcer 
seems to be that it depends upon two factors, a preliminary acute 
lesion the result of a number of possible irritants, thrombosis, in- 
fection, etc., and a local or constitutional defect which precludes tlie 
healing of the acute lesion when once established. Local neurotrophic 
or circulatory abnormalities are frequently mentioned as local causes 
responsible for the non-healing of acute ulcers. 

Our own experiments indicate that such is not the case in the rat for 
the present results can only be explained by the deficiency of one 
factor in the diet, and yet both acute erosions and chronic lesions 
appear to have been due to this defect. In other words, the dietary 
deficiency caused not only a tendency to erosion but likewise a tend- 
ency for certain of these acute lesions to become chronic. 

The size of the lesions is similar to those which occur in man i 
adjustment is made for the differences in size of the organs involve 
The size of acute lesions, as well as their location, is probably deter 
mined by the configuration of the mucosal folds. The exposed tips 
become eroded while those portions of the gastric mucosa protectc 
by invaginations are spared. From our study of the ulcers in these 
rats the factor of gastric mucosal configuration as determining 
site of the lesions is well substantiated. 
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StrMMARY 

73 per cent of a group of albino rats whose diet was deficient in 
vitamin B have been found to have ulcerations of the gastric mucosa. 
A control group was found to be free from gastric lesions. 

Of 74 observed lesions eight were chronic, indurated ulcers re- 
sembling chronic peptic ulcer in man. 

The chronicity of the ulcers seems to be related to the duration 
rather than the degree of the deficiency. 

The lesions were generally located along the lesser cur\’^ature of the 
stomach, as is true in man. 

The size of the lesions in rat and man are comparable if adjustment 
is made for differences in the sizes of the organs. 

CONCLUSION 

Albino rats deprived of vitamin B commonly develop ulcers of the 
gastric mucosa. 
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EXPIANATION OF PLATES 
Plate 26 

Fig. 1. A low power photograph of a chronic gastric ulcer in which the in- 
flammatory reaction extends through the muscularis mucosae. The crater was 
approximately 2 mm. in diameter. 

Fig. 2. Higher magnification of the base of the same lesion. 

Fig. 3. A chronic gastric ulcer which has inx’aginalcd and Is overhung by intact 
mucosa. This lesion is similar to the chronic peptic ulcer found in man in its 
minute structure. 

Fig. 4. Detail of the b.ase of the same lesion. Note the thickened vessels and 
scarring. 
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Plate 27 

Figs. 5 and 6. Two small gastric ulcers ■with some induration of their bases 
but which have not extended through the mucosa. 

Fig. 7.- Two erosions of the gastric mucosa. The one on the left has scar tissue 
within it, the other is probably of more recent origin. 

Fig. 8. A very small acute erosion with plug of necrotic cells in the crater. 

Plate 28 

Fig. 9. A chronic ulcer of the proximal duodenum. The mucosa has closed 
over the defect. The lumen of the bowel maj’^ be seen at 11 o'clock. The •ulcer 
is scarred, shows vascular lesions. Its base contains many polynuclear leucocytes. 

Fig. 10. A large acute erosion in which the cellular necrosis is extending down- 
ward and towards the left. Several areas of a glassy, acidophilic appearance are 
present in the center. 

Fig. 11. An area of gastric mucosa interrupted by a scar and overgrown by 
atypical mucosa which arises from the margins of the scar. This was found m 
Animal 6 and is assvuned to be a healed ulcer. It is not listed in Chart 1. 

Fig. 12. An acute erosion of small size but containing leucocytes. 
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which such reactions could easily be demonstrated. These substances 
were made from a series of aminoanilic acids, with aliphatic side chains 
containing from two to eight carbon atoms, by diazotization and 
coupling to resorcinol or tyrosine. For the production of the immune 
sera, antigens were prepared by diazotizing the same aminoanilic 
acids and coupling the diazo compounds to protein. 

Technique 

Preparation of Nitroanilic Acids . — ^The method used was essentially the same 
as that described in a previous paper (8).^ A finely ground mixture of equi- 
molecular quantities of dicarboxjdic acids (malonic, succinic, glutaric, adipic, 
pimelic, and suberic acids), and para-nitroaniline was melted in a paraffin bath at 
170-175°C., and the mixture was stirred continuouslj’^ for a period of 45 minutes. 
In the preparation of nitromalonic acid, the temperature of the bath was kept at 
onty 130-135°C. In all cases except that of succinic acid it was found neces- 
sarjf to use fused anhj'^drous zinc chloride in the condensation in order to obtain 
satisfactory yields. 

The powdered zinc chloride (8 gm. for 13.8 gm. of />-nitroaniline) was added 
to the melt in 5 portions during the first 15 minutes. After heating for 45 minutes, 
the mass was poured into about 10 volumes of water in a porcelain dish and 
heated on the steam bath until broken up. During this process, concentrated 
sodium hj^droxide was added in small amounts until the solution remained alkaline 
to litmus. After filtration, the insoluble material was finely ground and extracted 
a second time with hot water and alkali in the same manner. The aqueous 
extracts were combined, made neutral to litmus, and after standing in the ice box 
overnight, the filtered solution was made acid to Congo red by addition of con- 
centrated hydrochloric acid. The precipitate was washed with water and drie . 
Of para-nitromalona'nilic acid onty 20 per cent of the theoretical yield was obtainc 
due to decomposition of malonic acid during the fusion. In the other cases t 
yield was 40 to 50 per cent. 

The following nitroanilic acids w'ere prepared. . , 

Para-nitromalonanilic acid (NO 2 -CCH 4 -NH-CO-CH 2 -COOH): Crj'stall^e 
from boiling 25 per cent alcohol. Microscopic platelets. Melting point: 157 •) 
with gas formation. 

Titration; 0.1279 gm., dissolved in 80 per cent alcohol, required for neutra iza 
tion 5.7 cc. n/10 NaOH. Formula CoHsOgNa requires 5.7 cc. 

Para-nitrosuccinanilic acid (NO 2 -C 6 H 4 -NH-CO-CH 2 -CH 2 -COOH): 
lized from 25 parts of boiling 25 per cent alcohol. Long, microscopic, prisma i 
platelets. Melting point: 194-195°C. 


^ /)-Nitrooxanilic acid was made according to the method described by OsSian 
Aschan (9). 
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Kjeldahl determination after dr 3 dng at 100° in vacuo over sulfuric acid: 
C 9 H 10 O 3 N 2 calculated N 14.43 per cent, found 14.31 per cent. 

Para-aminosuccinanilic acid (NH 2 -CGH 4 -NH-CO-CH 2 -CH 2 -COOH): Cr}’stal- 
lized from IS parts of boiling water, using norit for decolorizing. Long, narrow, 
microscopic platelets. Melting point: 183-184°C., with darkening. 

Kjeldahl determination after drying at 100° in vacuo over sulfuric acid: 
C 10 H 12 O 3 N 2 calculated N 13.46 per cent, found 13.30 per cent. 

Para-aminoglutaranilic acid (NH 2 -CGH 4 -NH-CO-CH 2 -CH 2 -CH 2 -COOH): 
Crystallized from boiling water, using norit for decolorizing. Microscopic plate- 
lets. Melting point: 186-187°C., with darkening. 

Kjeldahl determination after drying at 100° in vacuo over sulfuric acid: 
C 11 H 14 O 3 N 2 calculated N 12.61 per cent, found 12.20 per cent. 

Para-aminoadipanilic acid (NH 2 -CGH 4 -NH-CO-CH 2 -CH 2 -CH 2 -CH 2 -COOH) : 
Crystallized from IS parts of boiling water, using norit for decolorizing. Long, 
narrow, microscopic platelets. Melting point: 16S-166°C. 

Kjeldahl determination after dr^ung at 100° in vacuo over sulfuric acid; 
C 12 H 16 O 3 N 2 calculated N 11.86 per cent, found 11. S7 per cent. 

Para-aminopimelanilic acid (NH2-C6H4-NH-CO-CH2-CH2-CH2-CH2-CHJ- 
COOH): Crystallized from boiling water, using norit for decolorizing. Long, 
narrow, microscopic platelets. Melting point: 178-179°C., with darkening. 

Kjeldahl determination after drying at 100° in vacuo over sulfuric acid: 
C 13 H 18 O 3 N 2 calculated N 11.20 per cent, found 11.06 per cent. 

Para-aminosuberanilic acid (NH 2 -CcH 4 -NH-CO-CH 2 -CH 2 -CH 2 -CH 2 -CHr 
CH 2 -COOH) : Crystallized from 100 parts of boiling water, using norit for de- 
colorizing. Long, narrow, microscopic platelets. Melting point: 162-163°C.^ 

Kjeldahl determination after drjdng at 100° in vacuo over sulfuric acid. 
C 14 H 20 O 3 N 2 calculated N 10.61 per cent, found 10.38 per cent. 

Para-aminooxanilic acid (NH 2 -CGH 4 -NH-CO-COOH) : Prepared by con- 
densation of para-phenylenediamine and oxalic acid following the methods 
described by G. Koller (10) and bj"^ W. A. Jacobs and M. Heidelberger (11). The 
product thus obtained was redissolved in about 30 parts of water with a slight 
excess of dilute sodium h^'dro-xide. After making neutral to litmus, the solution 
was heated and decolorized w'ith norit. The colorless filtrate was made faintlj 
acid to Congo b)"^ addition of hj^drochloric acid and the precipitated para-amino- 
o.xanilic acid was filtered and dried in vacuo at 50°. 

Preparation of Azodyes. — Resorcinoldisazo-/»-anilic acids: 2 millimols of amino 
anilic acid were dissolved in 50 cc. of water and 6 cc. of normal hydrochloric 
acid and diazotized at 0-5°C. bj’’ slow addition of 2 cc. of normal sodium nitrite. 
After the diazotization was complete (test with starch iodide paper), 1 irril 
of resorcinol (110 mg.) dissolved in 40 cc. n/2 sodium carbonate solution, coo c 
to 0 - 5 °, was rapidly added wdth stirring, and the mixture was kept at 0-5 or 
J hour. Enough dilute hj'drochloric acid was added to make the solution wea ) 
acid to Congo and bring about complete precipitation of the dye, ^yhich was 
then separated from the liquid bj- centrifugalization. After washing twice 
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Resorcinoldisazo-^-adipanilic acid : 

OH 

COOH-(CH2)4-'CO-NH-CoH 4-N = N-CcHi-N = N-C6H4-NH-CO-(CHj)r-COOH 

OH 

Calculated N 13.91 per cent, found 14.03 per cent. 
Resorcinoldisazo-/>-pimelanilic acid : 


OH 

COOH-(CHo) 5 -CO-NH-C(iH 4 -N = N-CcHi-N = N-CcHi-NH-CO-fCHjls-COOH 

OH 

Calculated N 13.29 per cent, found 13.10 per cent. 
Resorcinoldisazo-/»-suberanilic acid : 


OH 

COOH-(CHo)o-CO-NH-CoH4-N = N-C5H5-N = N-C6H4-NH-CO-(CH!)(rCOOH 

OH 

Calculated N 12.73 per cent, found 12.81 per cent. 


Preparation of Azoprotcins . — 1 millimol of aminoanilic acid was diazotized as 
described before at 0-5° and the diazo solution added to a cold solution con- 
taining 540 mg. of horse serum-globulin (prepared from diluted horse serum by 
half-saturation with ammonium sulfate and subsequent dialysis to remove the 
salt) and 13 cc. of normal sodium carbonate. The total volume of the mi.\’ture was 
approximately 65 cc. Coupling was allowed to proceed for J hour at 0-5° and the 
azoprotein was precipitated by'' addition of enough hy'drodiloric acid to make the 
solution 'weakly acid to Congo. The precipitate was separated from the liquid by 
centrifugalization and was washed several times with w'eakly acidulated saline. 
It was redissolved in saline by’' means of dilute sodium carbonate, making the 
solution neutral to litmus. As a preservative, 0.25 per cent phenol was added. 
The solutions used for the injections contained 5 mg. of azoprotein pro cc. 

Ivitnnnizatjon . — Four azoproteins were used for immunization; namely’, those 
prepared from ^-aminooxanilic acid, /'-aminosuccinanilic acid, /»-aminoadipanilic 
acid, and />-aminosuberanilic acid by coupling to horse serum-globulin as de- 
scribed above. For the immunization ■with each antigen four rabbits were used, 
each receiving daily intravenous injections of 2 cc. of the antigen solution for 6 
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days. One or two more courses of injections were given at intervals of 1 week,^ 
and the sera were tested 7 days after the last injection. Two to three active sera 
were obtained in each series. For convenience the sera will be referred to as 
oxanilic, succinanilic, adipardlic, and suberanUic immxme sera. 

EXPERIMENTAL 

Precipitin Reactions with Azodyes . — ^The immune sera obtained in 
the manner described, "with the exception of the oxanilic immune sera, 
gave distinct precipitin reactions when added to solutions of the 
sodium salts of the corresponding resorcinol-azodyes (Table I).’ 

Results practically identical with those recorded in the table were 
obtained with the other sera at our disposal. 

The reactions with the succinanilic sera were very specific whereas 
the action of the immune sera for the antigens with longer side chains 
extended to the compoimds next in the series. The same sort of 
specificity appeared in tests with azoproteins. These observations 
will be described in a subsequent communication. 

The strongest reactions occurred with the suberanilic immune sera 
and the homologous dye. Upon the addition of the antiserum, a 
distinct turbidity appeared almost immediately and after 5 hour small 
flakes, and later larger ones were formed, the phenomenon resembling 
in all respects a common precipitin reaction. The highest dilutions 
in which a reaction was still noticeable corresponded to a content of 
0.001 mg. per 1 cc.; consequently, the sensitivity of the tests is of the 
same order as precipitin reactions with proteins or bacterial carbo- 
hydrates. In the tests wdth the succinanilic and adipanilic immune 
sera the reactions were similar, but the precipitation developed more 
slowly and was less intense. WTiilst in the case of the adipanilic sera 
tins diflerence is probably due to the fact that the immune sera hap- 
pened to be less active, as e\ndenced by the reactions with azoproteins, 
this c.xplanation does not apply to the succinanilic sera which were 
almost as active as those for the suberanilic compound. Probably 
the reason for the weaker reactions is a lower prcdpitability of the 
dyes due to the shorter side chain. This assumption is borne out by 
the obscr\'ation that other azodyes examined were far less prccipitablc 

* CJ. Reference 12. 

’ Reactions were also obtained by complement faalion. 
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The dilulions arc in terms oi a solution containing t /SO millimol of the dye in 5 cc. 
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:han the resorcinoldisazo-suberanilic acid.^ Azodyes made by coup- 
ing 2 mols diazotized dextro-para-aminotartranilic acid or para- 
irsanilic acid •with 1 mol resorcinol, in dilutions of 1:100 and 1:500 
)f 1/50 millimol of the dye in 5 cc., gave only very 'weak reactions 
^•ith the homologous immune sera (1, 8) upon standing for 2 hours 
it room temperature and overnight in the ice box. On subsequent 

TABLE n 

0.2 cc. of a solution of the sodium salts of the resorcinol dj-^es in saline (containing 
1 /2500 millimol in 10 cc.) were mixed with 0.05 cc. of a neutral solution of the 
sodium salts of the nitroanilic acids, containing 1/32 millimol in 10 cc. for the 
tests with the suberanilic imm une serum and 1/64 millimol in 10 cc. for the tests 
with the succinanUic and adipanilic imm une sera. 1 to 2 drops immune serum 
were added. The control tube contained the dye solution, immune serum and 
0.05 cc. saline. The readings were taken after 1 and 3 hours at room temperature 
and after standing overnight in the ice box. 


Immune sera for aaoproteins 
made from 

Readings taken 
after 


Substances 



^-Xitro- 

oxanilic 

acid 

^-Xitrosuc- 

cinaniHc 

acid 

^Xitro* 

adipaniiic 

acid 

suberanilic 

acid 

Control 

.f-Aminosuccinanilic 

' 1 hr. 

+ 

0 

d- 

d- 

4- 

acid, 1 drop 

3 hrs. 


0 

4* 

4* 

4* 


Night in 
ice box 

+ + ± 

0 

+d-± 

d — hd: 

d — h± 

P-Aminoadipanilic 

1 hr. 
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0 

tr. 


acid, 2 drops 

3 hrs. 

+ 

d- 

0 

is. 

d- 


Night in 
ice box 

+± 

+ 

0 


-f± 

/’-Aminosubcranilic 

1 hr. 


! 

-f 

0 

-fd- 

acid, 1 drop 

3 hrs. 



d- 

0 

d-d-± 


Night in 
ice box 

+++± 

d-d-i 

d-d- 

0 

d-d-d-± 


spinning the reactions became much more en'dent, the predpitatc 
appearing as large, thin flakes upon shaking up the sediment. 

4 he tests presented in the table were made with freshly prepared 
solutions of the sodium salts of the dyes. \\T 3 en the solutions (con- 

In this connection the results of Hartley (13) on the predpitalion of defatted 
proteins arc worth mentioning. 
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taining 1/50 millimol of the dye in 5 cc.) were kept in the ice box for 
several days up to a week, the precipitability with immune serum 
increased gradually, probably owing to a lowered dispersion of tlie dis- 
solved substance. These solutions were made as described above 
and contained only a very small quantity of inorganic salt. For the 
tests they were diluted with saline in the usual way. 

From the results reported one would anticipate the possibility of 
eliciting anaphylactic shock in animals sensitized with azoprotein, 
by administration of those dyes which are distinctly precipitated by 
immune sera. Such was indeed the case; it is intended to describe 
these experiments later in detail. 

Inhibition of the Precipitin Reaction . — The similarity between the 
precipitin reaction with dyes and those with azoproteins extends to 
the phenomenon of inhibition by low molecular substances uith corre- 
sponding groupings. Thus neutral solutions of the sodium salts of 
nitroanilic and aminoanilic acids inhibited the precipitin reactions 
with the dyes specifically. Such results are presented in Table II. 
The solutions of nitro- or aminoanilic acids were not precipitated by 
the immune sera. 


COMMENT AND SUMMARY 


Experiments are described demonstrating the precipitation of azo- 
dyes by immune sera prepared by the injection of azoproteins con- 
taining the same azo component. These precipitin reactions prove 
conclusively the view already advanced on the basis of inhibition 
reactions that antibodies combine specifically with substances of small 
molecular weight. Although in this respect both phenomena have 
the same significance, the precipitin reactions with dyes are simpler 


in that the aid of a protein antigen is eliminated. 

That specific serological precipitin reactions can take place wi i 
substances other than proteins has been amply demonstrated by stu 
ies on bacterial antigens (14) (polysaccharides (15)). The present 
findings show that for the precipitation with immune sera not even a 
high molecular weight of the reactive substance is required. Factors 
determining the tendency to separate out from the liquid upon com 
bination with antibody seem to be the colloidal state of the 
and the chemical composition of the substance. With regard to i 
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influence oi chemical composition, a striking example is provided by 
the suberic acid dye which gives particularly strong precipitin reac- 
tions, most probably on accormt of its long aliphatic side chains. 

The results reported may be of use for studies on the mechanism 
of serological precipitation. 
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THE INDUCED DEVELOPMENT OF NON-ACID-FAST FORMS 
OF BACILLUS TUBERCULOSIS AND OTHER MYCO- 
BACTERIA* 

Bv FRANKLIN R. MILLER, M.D. 

{From the H. K. Cushing Laboratory of Experimental M edicme in the Department 
of Medicine of Western Reserve University and the Medical Service of 
Lakeside Hospital, Cleveland) 

(Received for publication. May 18, 1932) 

In a previous communication (1), a description was given of an 
organism which was obtained from a stock culture of human tubercle 
bacilli, Strain H-37. This organism had the morphological character- 
istics of the parent strain but its growth was more rapid, and it was 
chromogenic, having acquired a deep yellow-orange color. On media 
suitable to acid-fast growth, colonies of this organism were made up 
of non-acid-fast rods tvith a scattering of acid-fast granules and rods. 
On more simple media, the acid-fast elements were almost entirely 
absent. This organism caused tuberculosis in three of five guinea 
pigs. It was assumed to be a non-acid-fast type of B. tuberculosis 
and was named the chromogenic H-37 strain. 

The work represented in the present communication was done in 
order to determine whether there existed in association with the chro- 
mogenic H-37 strain an agent causing the loss of acid-fastness and, if 
this agent was transferable, to use it in degrading acid-fast organisms 
into non-acid-fast forms. 

Extracts of the chromogenic H-37 organism were made and passed 
through a Berkefeld filter and added to the culture media on which 
six strains, representing four types of mycobacteria, were gro\ra. 
From five of the six strains, growths which were apparently wholh' 
non-acid-fast were obtained; the sixth strain, an organism rccentlj’’ 
isolated from human renal tuberculosis, developed non-acid-fast 

* This work was begun in the laboratories of The Rockefeller Institute for 
Medical Research, New York. 
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ments which were not readily separated from the acid-fast ones, 
ur of the non-acid-fast growtlis which appeared follomng treat- 
nt of the parent organism with the extract from the chromogenic 
37 organisms have by cultural methods been brought to yield acid- 
t organisms again. 

rhe history of non-acid-fast tubercle bacilli dates back almost to the original 
:overy of B. itiherculosis bj' Koch. In 1883, Malassez and \^ignal (2) discovered 
i-acid-fast coccoid forms in zoogleic masses in skin lesions of a tuberculous 
lent and recovered acid-fast rods from them bj’- animal passage. Ferran (3) 
n found that a reduction in the amount of glycerine in the media caused a 
action in the acid-fast propert}’' of the organisms and a lowering of their viru- 
:e. Auclair (4) repeated Ferran’s work except tliat he used no glycerine in the 
lia and was able to change a culture of tubercle bacilli to non-acid-fast coccoid 
1 rod forms which were avirulent. He could not make this culture regain its 
lienee. 

"urther studies of tubercle bacilli during the earl}' years (5-23), many of them 
ling with the effects of variations in culture media, served to bring out the 
rked plcomorphism and the variability in staining reaction of this group 
arganisms. Of these studies it is interesting to note that Nocard and Roux 
c the first to find branching forms and growth by budding; that Scliiirmayer 
ed attention to branching forms whicli were found originating in cultures 
avian tubercle bacilli; d’Arrigo described extreme variation in the types of 
cobacteria occurring in scrofulous l\-mph nodes; Marmorek stained the tiny 
IS that first spread out from the edge of cultures of tubercle bacilli on liquid 
iia before an\' of the characteristic wrinkling of the surface had taken place 
I found many non-acid-fast forms; and Spengler observed in sputum acid-fast 
lies which he called “splitters.” They were smaller than tubercle bacilli, 
voch had seen in tubercle bacilli both granules and certain refractive bodies 
;ch for a time he considered to be spores, but only a little attention had been 
cn to cither until the work of Much (24) on the granules. He found that in 
terial such as that of cold abscesses and certain samples of sputum, in which it 
; impossible to demonstrate acid-fast organisms and yet which could be proved 
crculous by inoculation into animals, there were Gram-positive granules, since 
cd Much granules. He also followed tuberculous sputum day b_v daj' and 
cd that when acid-fast organisms disappeared, these granules could be demon- 
itcd. He believed that typical acid-fast bacilli could be reproduced from them, 
■gel (25), on the other hand, believed that these granules should be considered 
drms of degeneration. Ivluch’s work was first discussed largch’ from the stand- 
nl of the relations of the granules to diagnosis, but at the present time the work 
if greater interest in relation to certain general biological problems such as the 
ure of the life cycle of bacteria and the question of filtcrability. In the myco- 
tcria the determination of the occurrence of a non-acid-fast phase is a funda- 
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original organism. Oerskov has again raised the question of degenerative forms 
in the cycle as described by Kahn on the basis that similar forms can be seen in 
autoclaved cultures. He did not recognize that Kahn had produced tuberculosis 
in animals from the single cell cultures. From these studies it is dear that a com- 
plex life cycle, involving a non-acid-fast phase, has been reported repeatedly, but 
the difficulties involved in ruling out contaminants in a convincing manner have 
prevented any general acceptance of the existence of such a cycle. 

Methods and Technique 

The chromogcnic H-37 strain was grown on plates of Petroff’s egg media. 
At the height of the growth, or when the pigment was fully developed, the organisms 
were removed from the plates. Each plate yielded about 1.5 gra., which was 
placed in a sterile mortar. After the addition of 15 cc. of sterile saline or sterile 
distilled water, the material was ground for 15 minutes and then filtered through 
N Berkefeld candles. The filtered extracts were then placed in sterile containers 
and kept in the ice box. They were tested for sterility when used. 

The six strains of mycobacteria used in these experiments included three human 
strains — Saranac H-37, T. S., and 90 — , a bovine Strain B-1, a smegma Strain 74, 
and a Saranac strain of B. phlci. Three of these — H-37, T. S., and B-1 — were 
proved to be virulent for animals. The smegma and phlci strains were both 
saprophytic, and 90 was isolated from human renal tuberculosis. 

Stock cultures of all of these were grown on Petroff’s egg media, and trans- 
plants were made every 4 to 6 weeks. The strain to be used for an experiment 
was usually of a 10 day growth. The procedure, e.xcept in two or three instances, 
was to add 1 to 10 cc. of filtered extract to a fresh transplant of this growth. The 
excess fluid was allowed to drj' (in the incubator) before the culture was sealed or 
banded. In several experiments, a second and a third addition of the extract were 
made to the culture before microscopic or macroscopic changes were noted. Each 
time the extract was added to the culture, a control plate or tube of medium was 
prepared by the addition of the extract to it. 

The treated cultures were transplanted in 5 days, 2 weeks, 4 weeks, and 6 weeks, 
with a few exceptions. The number of non-acid-fast elements which had developed 
prior to each transplant determined further treatment with the extract. Trans- 
plants from the originally treated cultures were made on Petroff’s egg media, or 
on the usual laboratory media such as plain or blood agar. 

.After the development of many non-acid-fast forms, the organisms were grown 
on agar until cultures were obtained which appeared in smears to be entirely non- 
acid-fast. \A’lien this was achieved, they were inoculated onto media suitable for 
the cultivation of acid-fast growth, for c.xamplc, Petroff’s egg media. 

A ction of the Extract 

When the extract was added to PetrofT’s egg media, the action on 
many cultures of the acid-fast strains mentioned was shown by t>'pical 
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original organism. Oerskov has again raised the question of degenerative forms 
in the cj'cle as described by Kahn on the basis that similar forms can be seen in 
autoclaved cultures. He did not recognize that Kahn had produced tuberculosis 
in animals from the single cell cultures. From these studies it is clear that a com- 
plex life cycle, involving a non-acid-fast phase, has been reported repeated!}", but 
the difficulties involved in ruling out contaminants in a convincing manner have 
prevented any general acceptance of the existence of such a c}'cle. 

Methods and Technique 

The chromogenic H-37 strain was grown on plates of Petrofl’s egg media. 
At the height of the growth, or when the pigment was fully developed, the organisms 
were removed from the plates. Each plate yielded about 1.5 gm., which was 
placed in a sterile mortar. After the addition of 15 cc. of sterile saline or sterile 
distilled water, the material was ground for 15 minutes and then filtered through 
N Berkefeld candles. The filtered extracts were then placed in sterile containers 
and kept in the ice box. They were tested for sterility when used. 

The six strains of mycobacteria used in these experiments included three human 
strains — Saranac H-37, T. S., and 90 — , a bovine Strain B-1, a smegma Strain 74, 
and a Saranac strain of B. pltlci. Three of these — H-37, T. S., and B-1 — were 
proved to be virulent for animals. The smegma and p/ilci strains were both 
saprophytic, and 90 was isolated from human renal tuberculosis. 

Stock cultures of all of these were grown on Petroff’s egg media, and trans- 
plants were made every 4 to 6 weeks. The strain to be used for an e.vperiment 
was usually of a 10 day growth. The procedure, except in two or three instances, 
was to add 1 to 10 cc. of filtered extract to a fresh transplant of this growth. The 
excess fluid was allowed to drx' (in the incubator) before the culture was sealed or 
banded. In several axperiments, a second and a third addition of the extract were 
made to the culture before microscopic or macroscopic changes were noted. Each 
time the extract was added to the culture, a control plate or tube of medium was 
prepared by the addition of the extract to it. 

The treated cultures were transplanted in 5 days, 2 weeks, 4 weeks, and 6 weeks, 
with a few exceptions. The number of non-acid-fast elements whicli had developed 
prior to each transplant determined further treatment with the extract. Trans- 
plants from the originally treated cultures were made on Petrofl’s egg media, or 
on the usual laboratory media such as plain or blood agar. 

After the development of many non-acid-fast forms, the organisms were grown 
on agar until ailturcs were obtained which appeared in smears to be entirely non- 
acid-fast. When this was acliievcd, they were inoculated onto media suitable for 
the cultivation of acid-fast growth, for example, Petroff’s egg media. 

Action of the Extract 

When the extract was added to PetrofT’s egg media, the action on 
many cultures of the acid-fast strains mentioned was shown by typical 
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macroscopic and microscopic changes. There was acceleration of 
growth of the fresh transplant within 5 days. In smears at this time 
many non-acid-fast organisms were seen. At 2 weeks the culture 
originally treated still showed more rapid growth than usual, but 
fewer non-acid-fast elements than at 5 days. 

At about the 4th to 6th week the growth of treated cultures suddenly 
became fatty and moist in appearance. In some of these cultures the 
colonies appeared shrunken. At this time, the acid-fast elements 
were similar to those of old cultures: many were in the form of beaded 
rods, many were granules, and others only weakly acid-fast; there 
were also clumps of material without bacterial form. The non-acid- 
fast forms were often equal in numbers to the acid-fast ones and were 
either coccoid or bacillary. One culture, B-1 92, showed branching 
forms with small acid-fast granules l5dng along and at the ends of 
the organisms. From the findings it is clear that the growth of these 
organisms on Petroff ’s egg media after the use of the extract has been 
extremely pleomorphic. All of these strains of mycobacteria, H-37, 
T. S., 90, B-1, 74, and the B. phlei strain, have shown these peculiar 
changes. In the case of the strain of B. phlei, which normally grows 
rapidly on agar, the culture, treated with extract and transplanted to 
agar, showed acceleration of growth, loss of pigment, and many non- 
acid-fast forms; yet repeated transfers were necessary to eliminate 
the acid-fast forms. 

After these peculiar macroscopic and microscopic changes had 
occurred, or usually after the 6th week, non-acid-fast cultures gener- 
ally were grown with ease from transplants to agar. 

In order to test the effect of the extract on existing acid-fast organ- 
isms, the following experiment was done. H-37 tubercle organisms 
were placed in 2 cc. of the extract and incubated for 96 hours. Dur- 
ing this time, smears and cultures were made after 1 hour, 24 hours, 
72 hours, and 96 hours. No increase in the non-acid-fast forms was 
found at these intervals, but from each transplant non-acid-fast forms 
were grovm. 

During the time that these macroscopic and microscopic changes 
occurred in treated cultures, the control plates remained sterile. In 
addition to the control plates, the sterility of the extracts was indi- 
cated by further tests on plain agar, plain broth, infusion broth, and 



TABLE I 

Protocol of an Experiment — (Series 72) 
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Kendall’s K medium. The K medium culture was kept sealed for 3 
weeks and during that time remained sterile; it was transplanted to 
infusion broth and during 3 additional weeks remained sterile. 

In Table I an experiment and its results are summarized, the changes 
being those which occurred in successive subcultures of the H-37 strain 
of human tubercle bacilli after the initial culture had been treated ^vith 
the extract. The first culture of the experiment was planted on 
Long’s medium and did not show the initial acceleration of growth of 
other treated cultures. Otherwise, the changes which occurred were 
similar to those in other experiments. It will be seen in the table that 
4 weeks after the bacteria had been placed in contact "vvith the extract, 
a non-acid-fast organism, which grew rapidly on agar, was obtained. 
The sequence demonstrated on the table includes the return to a 
morpholog}'’ similar to the original strain. It also includes a notation 
of the continued growth on agar of the non-acid-fast forms. 

From five of the six acid-fast strains employed, there were produced 
non-acid-fast strains. The sixth. No. 90, showed the macroscopic 
and microscopic changes noted above, but thus far we have been un- 
able to eliminate all of the acid-fast forms. Four of these strains have 
been changed from two to six times. H-37 has yielded six non-acid- 
fast growths; B-1, three; T. S., two; and 74 has yielded three non-acid- 
fast growths. 

Recently, we have also produced a non-acid-fast strain of H-37 and 
one of T. S., by treating cultures of these organisms wth autoclaved 
e.xtracts of the chromogenic H-37 strain. In all, seventeen wholly 
non-acid-fast growths have been obtained. All of these grew rapidly 
on agar and at first all but one of these growths were made up of coccoid 
and rod forms which were both acid-fast and non-acid-fast. 

Types of Non-Acid-Fast Growth 

The first isolated culture of non-acid-fast forms from a treated 
culture was usually a small, fine, glistening, gray-white growth. This 
growth, usually a transplant from Petroff’s egg media to plain agar, 
appeared on the agar in 24 hours but was not well developed before 
the end of 4S hours. Microscopically, the growth usually was made 
up of cocci, a few of which were verj' large, and of rods. The cocci 
were often in diplococcus or tctracoccus forms, although some short 
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chains were found. At first among the non-acid-fast forms there were 
found acid-fast granules and rods, as well as transition forms such as 
non-acid-fast rods containing acid-fast bodies, chains of acid-fast 
granules held together by non-acid-fast filaments, and faintly acid- 
fast cocci. Thus, the growth was increasingly pleomorphic. 

When grown on glucose broth or infusion broth, there was a tend- 
ency to diphtheroid formation, but this did not always occur. On 
infusion broth and blood agar, there was also occasionally a shift 
back to acid-fastness even if the growth had been transplanted on 
agar several times. 

Other types of non-acid-fast growth were observed; for instance, 
from a treated culture of B-1 (mentioned above), a branching non-acid- 
fast form was isolated. Four cultures, which were isolated as non- 
acid-fast cocci and rods after different periods of time on agar, changed 
to a more rapid, luxuriant growth which was mucoid. These growths 
were made up of rods containing spore-like bodies and many free 
spore-like bodies. When free, they were somewhat acid-fast. These 
bodies appeared either in the center or at the ends of the rods. One 
culture of chromogenic H-37, which was transferred weekly on agar 
for a period of 2 months, also developed a mucoid appearance. This 
growth showed spore-like bodies both in rods and free. Transplants 
of this organism were made on agar, blood agar, and Petroff's egg 
media. On the agar, the rods containing spore-like bodies continued 
to develop, the blood agar culture reverted to cocci, diphtheroids, and 
small rods, aU non-acid-fast (the normal appearance of chromogenic 
H-37 on blood agar); on the Petroff’s egg media, the culture returned 
to small non-acid-fast rods and a few acid-fast rods, and to its original 
appearance with deep yellow-orange pigment. 

Return to Acid-Fastness 

The return of the non-acid-fast organisms to an acid-fast state was 
a slow process. After the non-acid-fast forms had been transferred 
on agar for from four to eight times, they were transplanted to Petroff’s 
egg media or other media suitable for the development of acid-fast 
growth. Of the seventeen non-add-fast growths only four have re- 
turned to acid-fastness thus far. These were two cultures of H-37 
(72 and 822), smegma 74, and B. phlci, and they have returned not 
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only to acid-fastness but the organisms are similar to the original 
strain, except that they still contain a number of non-acid-fast forms. 
In the case of B. phlci, the non-acid-fast forms in the culture which 
returned to acid-fastness were no greater in number than those usually 
found. The reappearance of macroscopic morphological character- 
istics included the cliromogenicity of B. phlei, and the rapid, cream- 
colored growth of smegma. 

This return to acid-fastness has been through tlie development of 
acid-fast granules among the non-acid-fast cocci, an agglomeration of 
these granules into chains whicli resemble somewhat the beaded acid- 
fast rods of old cultures, the appearance of acid-fast globules within 
non-acid-fast rods, and finally the development of acid-fast rods. In 
the colonies in whicli acid-fast rods were developing, transition forms 
were always present in var)dng numbers. Transplants whicli were 
made when these forms predominated caused a temporary reversion 
to non-acid-fast forms, showing the instability of the culture. 

DISCUSSION 

The question of whether there exists a non-acid-fast phase of the 
mycobacteria is fraught with many difficulties. In this study, one 
source of error has been eliminated in the use of tlie extract from the 
chroniogenic H-37, namel}’’, the possibility that living organisms have 
been added. In the first place, all of the preparations of extract had 
been passed through a Berkefeld filter and the filtered extracts were 
all negative for viable organisms, as shown by consistently negative 
cultures on several standard media. Moreover, the extract was just 
as effective after it had been autoclaved, thus ruling out the possibility 
that it was a carrier of living contaminants. 

Concerning the possibility of contaminations of the original cultures, 
or of those developing during the course of the transplantation, with 
some non-acid-fast saprophyte which might grow better on the simpler 
media but survive on media adapted to acid-fast growth, it is more 
difficult to bring forward convincing evidence. The facts in favor of 
the view that the cultures we have been working with arc those of 
uncontaminated mycobacteria are as follows: 

First, the original cultures of acid-fast organisms all showed the 
colony formation typical for mycobacteria and the strains all appeared 
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to be growg in pure culture. No more non-acid-fast elements were 
found in smears of the original cultures than are normally found in 
smears of acid-fast cultures, that is to say, it required diligent search 
to discover even one or two non-acid-fast forms. If, however, the 
tubercle bacillus, at some time in its life cycle, has a non-acid-fast 
phase, as Kahn’s observations indicate, so that not every single tuber- 
cle bacillus results from the direct fission of an acid-fast organism, 
then some non-acid-fast forms may be present always in any pure 
culture of tubercle bacilli. Second, experiments carried out in Cleve- 
land gave the same results as in New York, so that if the non acid-fast 
forms were contaminants it would have to be postulated that stock 
cultures in the two places were carrying the same contaminants. 
Third, all of the organisms showed the same type of changes after the 
use of the extract, a change in rate of growth, in type of colony forma- 
tion, and in the increased proportion of the non-acid-fast forms which 
were extremely pleomorphic. If contaminating saprophytes were 
involved which overgrew the mycobacteria on plain agar, then it would 
be necessary to assume that the same contamination accompanied 
all the strains studied in two laboratories. Fourth, frequent attempts 
were made by the method of dilution cultures to separate the non-acid- 
fast forms from the acid-fast when both were present, but we were 
never able, by this method, to obtain colonies which were either wholly 
acid-fast or wholly non-acid-fast. This is best explained by the study 
of the colonies themselves, for they were usually made up not only of 
a mixture of the two forms, but some of the non-acid-fast rods con- 
tained acid-fast particles. The development from a completely non- 
acid-fast Qulture of these transition forms, partly acid-fast and partly 
non-acid-fast, and the subsequent return of the culture to acid-fastness 
are the best evidence that the wholly non-acid-fast forms in our cul- 
tures were not contaminations. 


^ Final evidence is to be obtained by applying the technique of the 
single cell culture to this problem. By this method we have already 
obtained a growth from a single organism isolated from an acid-fast 
This bacillus was planted on media to which the extract 
had been added. The growth resulting was partly acid-fast and partly 
non-acid-fmt. The organism grew both on agar and on Petroffs egg 
>ned.a and Iron, the latter acid-fast rods have been obtairred. In 
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future experiments not only must a single cell be taken many times 
from the original acid-fast strain but also from the non-acid-fast 
subcultures until adequate data have been obtained on the limits of 
variation of the mycobacteria. Extensive studies also must be made 
on the pathogenicity of these different forms. 

The evidence up to the present time, namely the similarity of mor- 
phology of the non-acid-fast growths, the regularity with which they 
were obtained, the transition foims in the cultures, and the fact that 
four of the non-acid-fast growths when transferred to appropriate 
media have returned to acid-fast forms showing the original t3q)e of 
growth, makes it reasonable to assume that the non-acid-fast organ- 
isms were derived from acid-fast ones and that the phenomenon occurs 
regularly. 

SUMMARY 

Six strains of mycobacteria, — three human strains, Saranac H-37, 
T. S., and No. 90, a bovine strain, B-1, a smegma strain. No. 74, and a 
Saranac strain of B. pJiIci , — have been made to grow as non-acid-fast 
organisms by the addition to the culture media of a filtered e.xtract 
of the chromogenic H-37 strain of B. iuhcrculosis. The action of the 
extract produced acceleration of growth of the treated culture, followed 
by macroscopic and microscopic changes, and differentiation into 
non-acid-fast forms. The bacterial forms grown from these treated 
cultures were pleomorphic, usually consisting of cocci and small rods; 
but branching forms and spore-like bodies also developed. 

The sterility of the extract causing the changes was demonstrated 
b)' frequent control inoculations on various media, including Ken- 
dall’s K medium; and autoclaved extracts had the same effects as 
non-autoclaved. 

After transfer to media suitable for acid growths four of the strains 
reverted not only to acid-fastness but to their original cultural char- 
acteristics, providing evidence that the non-acid-fast forms were speci- 
fic for the strain. 

BIBLIOGRAPHY 

1. Miller, F. R., Science, 19.tl, 74, 343. 

2. MaLissez, F. R., and Yignal, W., Arch, physiol, norm, cl path., 1883, series 3, 

2, 369. 



^UcJair T 

^"°^rd’andT^'- Sls-j^^ 

??''' ?gr "»*. 3e , 

IS A?‘^’ P- J i ^S95 18 Paik ,00- 

16 9 5°®Pt- rencf » w^ « ’ 1398 a , 

■ ^‘^^^ayer, J' r, '' ' el 6^ °"°^’ «, and C 

17 d’A""- ^ 

“• ^'S,tk ^T- . ,, “'■ „ ,■ "■ 

f. fPengJer, c T‘"-^‘^K 1^’ ^^^1. 350 ’ P/L 

'■ ,"«?*'?■ ^"'’' MS'sf.''4V4^ ' ' '*■ 

«"C,, 

«'»», m,, ''^■i«fac,M,, ■' '■>'>=, ,9!,. 

''"'“'orcufo,,. 


426 


MARROW HYPERPLASIA IN ANEMIA 


red marrow spread becomes even more limited and we find less and less 
red marrow in the long bones and even some fat cells replacing red 
marrow in the cancellous bone of the ribs and vertebrae. As tlie red 
marrow spreads or shrinks the fat cells act as the cushion to take up 
or give space. With red marrow expansion the fat cells retire and 
as the red marrow shrinks the fat cells take its place in the cancellous 
bone lacunae. 

In general we may say that conditions in the spleen and red marrow 
run along parallel as the normal dog grows up and with old age 
both marrow and spleen show atrophy. If the red marrow were a 
nicely isolated organ like the spleen its study would certainly become 
much less time consuming. 

In long continued severe anemia in dogs one would expect a wider 
red marrow spread and such indeed will be observed in many cases 
described below. In some anemic dogs the red marrow fills practically 
all the cancellous bone in ribs, vertebrae and long bones and this is the 
reaction which would be expected because of the long continued 
maximal stimulus for red cell production (Figs. 1 and 2). But other 
dogs will show very mucli less red marrow spread, scarcely more than 
obsers^ed in normal non-anemic adults and yet sucli dogs will produce 
as much new hemoglobin as is produced by the dogs with grossly 
hyperplastic red marrow ha\dng a maximal red marrow spread (com- 
pare Dogs 24-2 and 25-24, Table 1). 

Every degree of marrow hj-perplasia is to be observed in this series 
of dogs from the 100 per cent of Dog 25-24 (Figs. 1 and 2) down to 
the minimal spread of Dog 18-114 (Figs. 3, 4 and 5). The details 
arc all the same but the mass of the red marrow varies. 

Evidently the red marrow varies in extent in normal non-anemic dogs. 
Given the stimulus of a severe anemia due to bleeding the red marrow 
may spread to include all the cancellous bone spaces in the skeleton 
or to include only a part of this large area. The maximal hemoglobin 
production of this hj’perplastic marrow may be much the same in the 
two instances. It would seem that some other factor were concerned 
with the limitation of hemoglobin output and red marrow spread. 

Evidence is accumulating to indicate that the liver may be this 
limiting factor — that the liver may be responsible for fabrication of 
some essential precursors of hemoglobin and that the capacity of the 
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liver may set the top limit for maximal red cell and hemoglobin 
production. This evidence comes in part from Eck fistula dogs whose 
hemoglobin and pigment production is usually subnormal (9). These 
Eck fistula dogs with progressive repeated injury of the liver may 
finally reach the stage where they can produce only sufficient red 
cells and hemoglobin for simple maintenance with complete oblitera- 
tion of the usual surplus of hemoglobin production on a liver or kidney 
diet (experiments impublished). The only abnormality is the injured 
liver so that this experiment would indicate that the liver is essential 
for normal hemoglobin and red cell production in the dog. 

Reserve storage of henioglohin is a subject of considerable interest. 
There is no doubt that there is a good deal of reserve hemoglobin 
stored in the normal dog which will be contributed to the circulation 
as experimental anemia due to bleeding is produced. Is this reserve 
stored as mature or immature red cells in the red marrow or spleen? 
Or is it stored as parent substances capable of being built up into the 
mature red cells as the emergency develops? 

There is ample evidence that a standard anemic dog placed on a 
favorable diet (liver or kidney) will produce large amounts of new 
hemoglobin and red cells (6, 7). This production results from a 2 
week feeding period and may amount to 100 gm. new hemoglobin 
over and above control bread diet periods. This new hemoglobin 
will appear in the circulation in the 1st week in small amounts and is 
removed by bleeding. Much more will appear in the 2nd week and is 
removed by bleeding. There is always a large carry over into the 2 
weeks after period which may amount to half the total hemoglobin 
produced due to the liver or kidney diet. Therefore at the end of the 
2 weeks liver feeding the dog may have in reserve somewhere in his 
body the materials from which he can produce 40 to 50 gm. hemoglobin 
during the after period. 'Wffiere is this reserve stored? Is it stored 
as red cells or as intermediates in the marrow or parench 3 matous 
organs? 

If the reserve hemoglobin was stored in the form of mature red cells 
it would amount to 100 to 125 cc. of packed red cells. To store this 
amount of red cells in the dog’s marrow is ob\iousl 3 ’' a phj'sical impos- 
sibility. Moreover there is no histological evidence of any marked 
increase of mature red cells in dog’s marrow when this reserve storage 
is known to e.xist — see Dog 25-24. 
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Feeding experiments would indicate that some of these hemoglobin 
precursors under such conditions of maximal reserve storage (Dog 
25-24) are stored in the liver and kidney rather than in the spleen. 
It must be admitted that much of this hemoglobin reserve is stored in 
some intermediate form which at the present time we cannot identify. 

M ethods 

All material studied and reported below came from the anemia colony in this 
laboratory. The dogs are bred in this laboratorj’- and the dominant strain is 
that of a short-haired white bull dog. The stock is not pedigreed and tliere is 
some coach dog and terrier blood in the colon 3 ^ These dogs unless otherwise 
noted are active and perfectlj’^ normal in all respects and live out a normal life 
cycle. The onlj' abnormality is a blood hemoglobin level of 40 to 50 per cent 
instead of the normal for this colonj' of 140 to 150 per cent hemoglobin. The 
anemia level is maintained bj'^ appropriate bleedings each week and the hemoglobin 
removed is estimated and recorded in the tables as grams hemoglobin bled. This 
continued maximal stimulus to the formation of new hemoglobin and red cells 
leads to standard output figures for hemoglobin on various standard diets. Many 
reports of these diet studies and the resultant hemoglobin production have been 
published by Robscheit-Robbins and Whipple (10, 7). 

The standard bread used in these e.\periments is made in the laboratory from 
wheat flour, potato starch, bran, sugar, canned salmon, cod liver oil, canned toma- 
toes, yeast and a salt mixture. This bread is a complete diet capable of maintain- 
ing dogs in health for indefinite periods; its preparation has been described (10). 

The periods of anemia in the reported series varj' from 1 year and 4 months to 
7 years and 4 montlis. In some of the early e.xperiments the bleeding was dis- 
continued in the summer (July and August) but the anemia level maintained con- 
tinuously during the rest of each j-^ear. The longest period of uninterrupted 
anemia was 5 years. 

As dogs died or were killed b>’ accident or bj' anesthesia, a routine autopsy 
was done. All long bones were split and notes made as to the gross appearance 
of the red and fat marrow. Sections from all organs, marrow of long bones, ribs 
and vertebrae were made and stained in the usual manner. 

EXPERIMENTAL OBSERVATIONS 

In tliis series eighteen dogs were studied (Table 1) and the protocols 
of eight of this number are detailed below. All types of red marrow 
spread, reserve hemoglobin storage and hemoglobin production are 
included in this group of dogs. The first eight dogs given in Table 1 
arc included in Tables 2 and 3. Their individual histories and com- 
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Table 1 shows that there is no relationship between red marrow 
spread and the duration of the anemia period. If there is any dif- 
ference the dogs of the longest anemia periods seem to show less red 
marrow spread but advancing years may be responsible rather than 

TABLE 2 


Comparison of Red Marrow Spread and Standard Hemoglobin Production in 

Anemic Dogs 


Dog No. 

1 

Red maiTO-.v spread 

Hemoglobin production on 
standard diets 

25-24 

Ma.ximal — 100 per cent 

SI. subnormal 

27-231 

Maximal — 98 per cent 

Subnormal 

20-104 

Average — 85 per cent 

SI. subnormal 

20-1 

Average — 75 per cent 

Normal 

21-23 

Subnormal — 65 per cent 

Above normal 

24-42 

Subnormal — 65 per cent 

SI. subnormal 

24-2 

Minimal — 20 per cent 

Normal 

18-114 

Aplasia — 10 per cent 

Subnormal 


TABLE 3 


Spleen Metaplasia and Anemia Duration — Reserve Hemoglobin 


Dog No. 

Mcgakan'ocylcs 
in spleen 

Duration of anemia period 

Theoretical reserve storage 
of hemoglobin at time of 
death 

25-24 

44- 

1 yr., 10 mos. 

Maximal 

27-231 

34- 

1 yr., 4 mos. 

Minimal 

20-104 

24- 

4 yrs., 10 mos. 

Moderate 

20-1 

14- 

5 yrs., 9 mos. 

Minimal 

21-23 

54- 

5 yrs., 0 mos. 

Low 

24-42 

14- 

1 yr., 3 mos. 

Low 

24-2 

24- 

2 yrs., 6 mos. 

Moderate 

18-114 

104- 

7 yrs., 4 mos. 

Low 


the continued anemia, as we observe the same tendency in old non- 
anemic dogs. 

Three dogs (24-70, 21-67, 24-46) were splenectomized but we have 
observed no differences between these dogs and the non-splenec- 
tomized group. 
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Table 2 indicates the extent of the red marrow spread from a maxi- 
mum of 100 per cent to a Tnim'miim estimated at approxhnatelj’- 10 per 
cent. The dogs with 98 to 100 per cent red marrow spread show cel- 
lular marrow and practically no fat in ribs, vertebrae and long bones 
(see Figs. 1 and 2). 

Table 2 also lists the general reaction of these dogs to the standard 
test diets — for example liver, kidney, iron and bread. It is obvious 
that the widest red marrow spread does not mean the most active 
hemoglobin production on standard diets, nor is the converse true. 

Table 3 indicates that the spleen shows some marrow metaplasia 
with probable contribution of some marrow elements to the anemic 
circulation. The conspicuous feature of the spleen sections (Fig. 6) 
is the megakaryocyte, but nucleated red cells are sometimes numerous 
in the spleen pulp. We list the megakaryocytes from a minimum of 
l-f to the maximal value of 10-f, a purely arbitrary scale. The 
spleen showing the largest number of megakaryocytes is photographed 
(Fig. 6, Dog 18-114, Table 3). Except for the single dog 18-114 
which showed some evidence of red marrow exhaustion and maximal 
megakaryocyte response in the spleen there is no correlation between 
the length of anemia period and the number of megakaryocytes in 
the spleen. Nor is there any correlation between the red marrow 
spread and the number of megakaryocytes in the spleen (Tables 
2 and 3). 

Table 3 also shows the theoretical reserve storage of hemoglobin 
or parent hemoglobin substances in each dog at time of death. This 
depends upon the diet intake of the last 2 or 3 weeks preceding death. 
It will be seen from the autopsy protocols below that there is no evi- 
dence that this reserve hemoglobin storage is to be found in the form 
of red cells in the bone marrow. 

Bog 25-24. — A young adult, male bull, weight 10.02 kg. at the beginning of the 
anemia period May 21, 1926. Anemia was \ininterrupted imtil time of death 
March 21, 1928. The blood hemoglobin level was thus kept at a level of from 40 
to 50 per cent for a period of 1 year and 10 months. Death was accidental the 
dog d>-ing 3 hours after being badly bitten by another dog. The diet for the 10 
week period preceding death was as follows. The theoretical reserve hemoglobin 
storage on this diet should be at a maximum level. 
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Dog 25-24. Diet, daily intake 


Ferric chloride (Fe 12.6 mg.), bread 400 gm., salmon 


100 gm , 

Ferric chloride (Fe 12.6 mg.), bread 400 gm., salmon 


100 gm ' 

Ferric chloride (Fe 12.6 mg.), bread 400 gm., salmon 


100 gm 

Ferric chloride (Fe 13 mg.), liver ash (500 gm. equiv.), 


bread 400 gm., salmon 100 gm 
Ferric chloride (Fe 13 mg.), liver ash (500 gm. cquiv.), 
bread 400 gm., salmon 100 gm. 

Bread 400 gm., salmon 75 gm., Klim 25 gm. 

Ferric chloride (Fe 120 mg.), bread 400 gm., salmon 100 


Fe^rric chlonde (Fe 120 mg.), bread 400 gm., salmon 100 

FcS chloHde (Fe 300 mg.), liver 300 gm., bread 300 

crn. * 

Ferric chloride (Fe 300 mg.), liver 300 gm., bread 300 


gm. 


Blood Hb. 
level 

Hb. 

removed 

bled 

Wks. before 
death 

per cent 

jm. 


51 

9.5 

10 

44 

9.8 

9 

49 

0 

8 

59 

15.0 

7 

57 

14.5 

6 

62 

10.6 

5 

58 

12.7 

4 

63 

13.0 

3 

63 

40.3 

2 

71 

Death 

1 


Aiilopsy.—WeigU of dog 13.6 kg. The animal is well developed and well 
nourished. The soft tissues of both fore legs are badly torn, crushed and lacerated. 
The skeletal muscle is in general highly colored. Heart— moderately dilated, 
myocardium of dark red color. Lungs are normal. In the gastrointestinal tract 
muscle coats there is noted the usual maple sugar or buff coloring. There is a 
purple-red, velvety mucosa in the duodenum and jejunum. Liver is normal 
except for marked congestion. Pancreas normal. Kidneys are congested, other- 
wise normal. The capsule strips easily leaving a smooth surface without scars. 
The uiarrcnv of all the long bones is of uniform dark red color throughout their entire 
length. There is no evidence of remaining fat. 

Microscopical Sections.— 

In the splenic section moderate numbers of megakaryocytes are observed. 
Normoblasts in clumps are scattered throughout the section in fairly large num- 
bers There are a few myelocytes and obviously definite myeloid metaplasia. 
The lymph follicles are not abnormal. 

A section from the upper portion of small intestine shows intense congestion at 
tips of villi but no actual hemorrhage. 

In the Ih'cr there is congestion about the central veins with atrophy of some of 
the liver cells. The cells about the central zone contain a large amount of finely 
granular yellowish pigment whicli gives no stain for iron. 

The kidneys show normal glomeruli. Ver>- occasional small clusters of Ijmipho- 
evtes are noted in the cortex. The tubular epithelial cells contain large amounts 
of coarsely granular yellow pigment which gives no stain for iron. 

l.vmph gland of mesentery shows no myeloid metaplasia and no megakarj’O- 
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cytes. There are numerous eosinophiles. There is abundant finely granular 
pigment in the medulla. 

Long Bones . — ^The marrow picture is one of extreme hyperplasia, there being a 
solid mass of cells representing all stages in development of both white and red 
cell series. Active marrow has entirely replaced the fat, and not a single fat cell 
can be seen in any of the sections from the long bones. The sections all are 
essentially similar, the most striking feature of which is the marked er}'throid 
activity (Figs. 1 and 2). Throughout all the sections great numbers of normo- 
blasts are noted as well as large numbers of their precursors. The megakarjmcytes 
are not as numerous as seen in some specimens of extreme hyperplasia, but several 
are seen in each low power field. The myeloid activity is somewhat masked by the 
extreme erythioid hyperplasia. Neutrophilic myelocytes are much more numer- 
ous than other cells of this series. Mature red cells are present in moderate 
numbers in all parts of the red marrow. 

Rih and Vertebral Marrow . — After decalcification the staining in these sections 
is poor. The marrow spaces however can be seen to be densely packed with cells 
with not a single fat cell being present. Cell tj'pes cannot be distinguished with 
any certainty. The mature red ceUs in this dog’s marrow are no more numerous 
than in Dog 24r42 where the theoretical reserve storage of hemoglobin factors 
was at a low level. 

Dog Z7-231 . — A young adult, female bull, weight 12.05 kg. at the beginning of 
the anemia period March 14, 1929. Dog has been raised since weaning on a diet 
of standard salmon bread. There was uninterrupted anemia until death July 22, 
1930. The blood hemoglobin level was kept at a level of 40 to 50 per cent for 
1 year and 4 months. Death followed an intravenous injection of ferric ammo- 
nium citrate. There were no imtoward symptoms for 7 hours following the injec- 
tion. The next morning there was an onset of convulsions and the animal died 
of respiratory failure 24 hours after the injection. The diet for the 9 week period 
preceding death was as follows. The theoretical reserve hemoglobin storage on 
this diet should be at a minimal level. 


Dog 27 - 231 . Diet, daily iatatc 

Blood Hb. 
level 

Hb. 

removed 

bled 

before 

death 


ptT ctnt 

tm. 


Fe 4.2 mg. intraven., bread 300 gm., salmon 100 cm 




Klim 25 gm 

46 

0 

9 

Fe 4.2 mg. intraven., bread 300 gm., salmon 100 gm 




Klim 25 pm. , ^ 

36 

10 2 

1 

1 8 

Bread 275 gm., salmon 100 cm.. Klim .30 gm 

45 

0 

7 

Bread 275 gm., salmon 100 cm.. Klim 30 ijm 

39 

0 

6 

le 8.0 mg., bread 275 gm., salmon 100 gm., Klim 30 




ear 




Fc 8.0 mg., bread 275 gm., salmon 100 gm., Klim 30 


21 .4 

5 

gm 




Bread 275 gm., salmon 100 gm., Klim 30 cm 

44 

10.3 ; 
14 5 

4 

3 

Bread 2/a gm., salmon 100 gm., Klim 30 cm 

42 

1"^ Q 

2 

Bread 2/5 gm., salmon 100 gm., Klim 30 cm 

43 

0 

1 
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Autopsy . — ^The autopsy is done immediately following death. At this time the 
dog weighs 12.5 kg. There are no external abnormalities, the dog being well 
developed and well nourished. In the peritoneal cavity there are 150 cc. of a 
blood tinged fluid. The heart is normal in size, tlie valves showing no abnormali- 
ties. The lungs are pale showing minimal markings with anthracotic pigment. 
The stomach is contracted and contains a small amount of coffee colored fluid. 
There is marked congestion of the vessels of the small intestines and colon, but no 
definite areas of hemorrhage. The spleen, pancreas and liver appear normal. No 
evidence of any renal damage, the capsules stripping readily leaving a smooth 
unscarred surface. 

Bones . — In the femora and humeri, there is marked h 5 'perplasia, strawberry' red 
throughout. The bony trabeculae are conspicuous, much more so than usual so 
that the entire marrow cavity feels hard. The remainder of tlie long bones show 
the same type of hyperplasia, no fat being visible. 

Microscopical Sections . — 

In the spleen are found many megakarymeytes. Some phagocytes containing 
granular yellowish brown pigment are seen. Few if any my'elocy'tes are seen. 
The section also shows nucleated red cells in moderate numbers. 

The liver shows a widespread portal necrosis. The greater number of liver cells 
show some injury' witli fatty changes. A few polymorphonuclears are scattered 
throughout the parenchyma. This change is obviously related to the injection 
of iron citrate. 

Bone jl/'orroit). — Sections from all the large bones are essentially similar. All of 
the fat has been demobilized and replaced by active marrow. Scarcely' a fat cell 
can be found. The normoblasts and their parent cells are present in enormous 
numbers. There are no large sinuses packed with red cells but the latter are 
distributed diffusely' throughout the marrow'. The megakaryocy'tes are not quite 
as numerous as usually' seen in marrow show'ing as much hy'perplasia as this. 
Tliey show occasional phagocy'tosis of cell fragments. Eosinophilic myelocytes 
arc few in number. 

No fat cells arc present in sections from the vertebrae and ribs. The hyperplastic 
marrow shows great erythroid activity as enormous numbers of normoblasts and 
large numbers of their precursors are present. 

Dog 20-104 . — .‘\n adult, male bull, weight 8.0 kg. at the beginning of the anemia 
period July 15, 1920. Until 1923 the anemia periods were interrupted and the 
blood hemoglobin level somewhat higher than the usual level of 40 to 50 per cent. 
From 1923 until time of death May 22, 1925, the blood hemoglobin was kept at 
the usual level and the anemia was uninterrupted. The animal was sacrificed by 
perfusion and the muscle extracted. The diet for the 10 week period preceding 
death was as follows. The theoretical rcser\'e hemoglobin storage on this diet 
should be at a moderate level. 
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Dog 20-104. Diet, daily intake 

Blood Hb. 
level 

Hb. 

removed 

bled 

before 

death 


Psr cent 

43 

gm. 

0 

10 

pig kidney 200 gm., bread 300 gm. 

55 

12.8 

9 

Beef muscle 50 gm., bread 400 gm. 

50 

0 

8 

Pig muscle 200 gm., bread 300 gm. 

56 

10.6 

7 

Pig muscle 200 gm., bread 300 gm. 

47 

0 

6 

Bread 400 gm., salmon 75 gm. 

44 

0 

5 

Pig heart 200 gm., bread 300 gm 

48 

9.9 

4 

Pig heart 200 gm., bread 300 gm 

48 

12.4 

3 

Bread 350 gm., salmon 100 gm 

40 

0 

2 

Pig liver 150 gm., bread 300 gm 

57 

15.7 

1 




Autopsy. — ^Weight of dog 10.5 kg. The animal is well nourished and there are 
no external abnormalities. Subcutaneous tissue is pale as are also the heart, 
lungs, spleen, pancreas and liver. The kidneys are particularly pale in region of 
the pyramids. LjTnph nodes contain brilliant vital red d 3 'e, some of which is also 
seen in the renal cortical region. 

Bones. — In the femora and humeri the marrow is uniformly dark red throughout. 
The tibiae, radii and ulnae have marrow of the same appearance in the upper two- 
thirds, but the distal portions are filled with pale fat. 

Microscopical Sections . — 

Because of the perfusion very few red cells are to be found in any of the tissues. 

The liver contains considerable glycogen. In the tubular cells of the kidneys 
there is a small amount of yellow pigment which is non-iron staining. 

In the spleen there are found scattered normoblasts in moderate numbers. 
Megaloblasts are not conspicuous but several are seen. Ver>' few pigment con- 
taining phagocytes are present. 

Bone Marroip . — ^Advanced hjperplasia with only an occasional isolated fat cell 
visible in the long bones. Mormoblasts are present in extremely large numbers. 
Red cells are few because of the perfusion. Capillaries are infrequently noted 
and no sinuses densely packed with red ceUs are observed. Red cells in small 
numbers are scattered about in the stroma. 

The cells of the granulocj-tic series are also numerous, several eosinophih'c 
myelocj'tes and earlj’ leucoc>’tes being present in a medium high power field. 
The megakarj-ocytes are present in numbers usualh' found in such hj-per- 
plastic marrow. 

Vertebrae . — No fat. Few megakarj-ocytes can be distinguished. Normo- 
blasts are the onU- cells which cxin be differentiated. These are present in 
large numbers. 

Dog 20-1.— A young adult, female bull, weight 13.3 kg. at the beginning of the 
anemia period October 27, 1919. The anemia period was interrupted during the 
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summer months for 3 years. From October 10, 1923, until June 24, 1925, there 
was continuous anemia with the blood hemoglobin level being maintained at the 
usual level of 40 to 50 per cent. The dog was sacrificed and perfused for extraction 
of muscle hemoglobin. The diet for the 12 week period preceding deatli is given 
in following table. The theoretical reserve hemoglobin storage on this diet should 
be at a minimal level. 


Dog 20-1. Diet, daily intake 

Blood Hb. , 
level 

1 

1 

Hb. 

removed 

Wed 

Wks, before 
death 

Prunes 300 gm., bread 400 gm 

fer cent 

58 

jm. 

23 3 

12 

Prunes 300 gm., bread 400 gm 

56 

19 2 

11 

Bread 500 gm. 

45 

19 0 

10 

Bread 500 gm., salmon 50 gm. 

46 

0 

9 

Butter 50 gm., bread 400 gm 

44 

11.1 

8 

Butter 50 gm., bread 400 gm 

48 

11.6 

0 

7 

Bread 500 gm., salmon 50 gm. 

42 

6 

Bread 500 gm., salmon 50 gm. 

48 

0 

5 

Fasting. 

42 

12 4 

4 

Fasting 

47 

0 

3 

Bread 500 gm., salmon 50 gm. 

49 

0 

2 

Bread 500 gm., salmon 50 gm 

? 

13.9 

1 




Anlopsy . — The weight of the dog is 18.8 kg. The animal is exceptional!}' well 
developed and well nourished. There is a large amount of subcutaneous fat 
which is stained with the brilliant vital red dye. The muscles appear to contain 
somewhat more muscle hemoglobin than in other anemic dogs. The heart, lungs, 
spleen, pancreas, liver and neck organs are normal. The gall bladder shows evi- 
dence of clironic inflammation. The staining with the vital dye is also noted in 
mesenteric glands, ovaries, adrenals, uterus, intestines, bladder wall and kidneys. 
Kidneys show a few scars. 

The marroxv as seen in the femora and humeri is extremely cellular with small 
grayish islands. The upper ends of the tibiae and radii are dark red; tlie middle 
portions contain considerable fat and the lower ends are all fat. The ulnae show 
red marrow throughout. Ribs and vertebrae not recorded. 

Microscopical Sections . — 

In the spleen the normal structures arc interspersed by small groups of normo- 
blasts at frequent intervals but their precursors are difficult to distinguish with any 
certainty. There are few megakaryocytes. 

The liver cells show no abnormalities. The gall bladder shows infiltration with 
mononuclear cells in the submucosa. 

The kidneys show occasional small clusters of round cells in the cortex near 
the surface. An occasional glomerulus shows some injury with thickening of 
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the capsule. The epithelial cells of the convoluted tubules are heavily loaded 
with a yellow granular pigment. 

Femora . — ^This hyperplastic marrow has a loose, coarse textured arrangement 
of the cells following the perfusion. Relatively few mature red cells are seen. 
The normoblasts are present in fairly large numbers. Several megaloblasts, 
mainly in small clumps, are observed. Cells of the granulocytic series are repre- 
sented by neutrophilic myelocjdes although an occasional mature leucocyte can 
be seen. The megakaryocytes are present in numbers usually consistent with 
hyperplastic marrow of this grade. 

Humeri . — Except for a smaller amount of residual fat the marrow is similar 
to that of the femora. 

Tibiae . — The proportion of fat to active marrow is approximately reversed from 
what is seen in the femora and hmneri. Like that marrow the sinuses and large 
vessels are washed free from red cells by the perfusion. 

Ulnae . — Essentially similar to the tibial marrow. 

Dog. 21-23. — A. young adult, bull mongrel, weight 14.1 kg. at the beginning of 
the anemia period in May, 1921. There were interrupted periods of anemia 
until September 3, 1924, when from this date until death June 5, 1926, there was 
an iminterrupted anemia with a blood hemoglobin level of from 40 to 50 per cent. 
The dog died immediately following an intravenous injection of hemoglobin on 
June 5, 1926. The diet period for 11 weeks preceding death was as follows. The 
theoretical reserve hemoglobin storage on this diet should be at a low level. 


Dog 21-23. Diet, daily intake 

Blood Hb. 
level 

Hb. 

removed 

bled 

Wks. before 
death 

Liver 100 gm., bread 250 gm 

per cent 

73 

tm. 

43.4 

12 

Liver 100 gm., bread 250 gm 

54 

55.5 

11 

Bread 400 gm., salmon 50 gm 

48 

13.6 

10 

Bread 400 gm., salmon 50 gm 

55 

17.6 

9 

Bread 400 gm., salmon 50 gm 

46 

25.2 

8 

Bread 400 gm., salmon 50 gm 

32 

9.3 

7 

Musde Hb. intraven., bread 325 gm., salmon 75 gm. 

36 

0 

6 

Musde Hb. intraven,, bread 325 gm., salmon 75 gm. 

28 

0 

5 

Bread 350 gm., salmon SO gm 

38 

0 

4 

Bread 350 gm., salmon 50 gm 

46 

8.2 

3 

Bread 350 gm., salmon 50 gm 

47 

0 1 

2 

Blood Hb. intraven. (4 doses 2.04 gm. total). 

Death 

1 


Autopsy. — ^Weight of dog 17.2 kg. The animal is well developed and well 
nounshcd with no external abnormalities. There is apparent slow and incom- 
plete coagulation, the right ventricle being greatly dilated and containing a few 
soft dots. Moderate anthracotic pigment is present in lungs. The liver is con- 
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gested and the spleen is congested and enlarged having conspicuous malpighian 
bodies which show through the capsule. Pancreas is normal. The kidney- 
architecture is undisturbed, there being some congestion and a few small scars. 
The muscle coats of the intestinal tract show a pale buflt color. There is only 
moderate congestion of the mucosa. The mesenteric glands are pinkish (vital 
red dye). 

Bones . — 

Femora — distal one-third almost entirety brick red marrow. The middle one- 
third is at least one-half fat. 

Humeri — cellular, brick red throughout. 

Tibiae — upper one-half consists of more than 60 per cent fat, the lower is 
almost all fat. 

Radii — upper one-half is red, but contains large amounts of fat. The lower 
one-half is largely fat, less than one-fifth showing red marrow. 

Ulnae — similar to marrow found in radius. 

Microscopical Sections . — 

The spleen shows numerous megakar)'oc\'tes, several being seen in each high 
power field. No myelocytes made out. There are scattered clusters of normo- 
blasts. The malpighian bodies and germinal centers are conspicuous. 

Mesenteric Ij^ph gland shows some fine granular pigment in its medulla. No 
evidence of marrow cells. 

The liver shows a moderate amount of fat which is centrally located. The 
liver cells arc frothy looking and contain no pigment. 

The kidneys give evidence of degenerative change in some glomerular tufts. 
There is no increase in stroma. Casts are absent. The tubular epithelial cells 
contain considerable yellow pigment. 

Femora . — Large solid cellular areas of active marrow alternate with almost as 
large areas of fat. Normoblasts are seen in fairly large numbers but are not as 
numerous as frequentl}' seen in marrow showing as much hyperplasia as this. 
Megaloblastic clumps arc observed. Mature red cells are not numerous. The 
cellular mass is not loosely arranged with a large amount of intercellular matrix, 
but is extremely compact and densely packed. There are no large blood filled 
sinuses. Mitotic figures are not uncommon. Megakar\"ocytes average 2 to 3 
per medium high power field. A fair number of myelocytes and metamyeloc 3 'tes 
arc observed. There are large numbers of undifferentiated cells. 

Tibiae, Radii and Ulnae . — Section shows about 85 per cent fat. The areas of 
active marrow are apparently no different from those of the femora. 

Humeri . — .A highly compact and complc.x cellular mass with a small scattering 
of fat cells. There is no apparent difference from the femoral marrow. Large 
or relatively large numbers of megaloblasts are observed. 

Ribs . — Cells arc hard to differentiate except for the numerous megakarxmcj’tcs 
and normoblasts. Only an occasional fat cell is visible. 

Dog. 24-42 . — .A young adult, male bull, weight 15.6 kg. at the beginning of the 
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is early organization. Several of the alveoli contain delicate strands of fibrin 
a few polymorphonuclears and some large mononuclears. There is consider- 
able edema. 

Spleen shows small clusters of normoblasts. The megakar 3 'ocytes average 
less than one in each high dr}' field. The malpighian bodies are prominent and 
they have large germinal centers. In the latter are found man}'^ mitotic figures. 
There is extreme liver injury and but relativel}'- few normal appearing liver cells 
remain, these being located about the portal region. The cells about the central 
zone show extensive necrosis and fatty changes with infiltration of large numbers 
of polymorphonuclears. The h 3 ’’alin necrosis involves approximately one-third 
of the liver parenchyma. 

The kidneys appear normal except for the cells of the convoluted tubules which 
contain a large amount of yellow pigment. 

Femora. — k large amount of hyperplastic marrow which shows onty occasional 
fat cells. The normoblasts are seen in extremelj’^ large numbers and are general!}" 
scattered throughout the section. They are the most conspicuous single cell 
type. Normal red cells are numerous. Megaloblasts are also numerous and can 
be seen in clumps made up of several adherent cells. The red cell chain is as 
conspicuous if not more so than in Dog 25-24 in which dog is recorded a theoretical 
ma.ximum hemoglobin reserve. Megakar}"ocytes are large with brilliant pink 
cytoplasm. They are present in large numbers, sometimes several being seen 
in a medium high power field. Some megakaryocytes are phagocytic. The 
granulocytes are somewhat overshadowed by the great activity in the red cell 
series. Myelocytes of the eosinophilic and neutrophilic t}"pes are noted in fair 
numbers. 

Humeri . — Almost solid areas of hyperplasia. Few scattered fat cells and an 
occasional area of solid fat is noted. Cellular picture essentially similar to 
the femora. 

Tibiae . — ^No essential difference noted in the sections from the upper and middle 
thirds. The greater part of the marrow consists of fat; where there is some hyper- 
plasia, however, there is evidence of great activity in the erythroid series. Normo- 
blasts are exceptionally numerous. 

Dog 24-2. — Adult, male white bull, weight 16.8 kg. Dog was anemic from 
November 21, 1923, to March 12, 1924, when the dog developed distemper. He 
recovered and was put in the stock colony until July 21, 1927, when he was again 
made anemic and remained at the usual anemia level until death January 10, 1930. 
This dog at times had albuminuria and occasional casts but the extent of his 
nephritis was not appreciated. Dog was killed vath ether. On the diet listed 
below during 1 1 weeks preceding death, the theoretical reserve hemoglobin storage 
was at a moderate level, neither high nor ver}- low. 
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Dog 24-2. Diet, daily intake 

Blood 

1 Hb. level 

1 

Hb. 

removed 

bled 

■UTis. 

before 

death 

Bread 350 gm., salmon 75 gm., Klim 25 gm 

per cenJ 

49 

gm. 1 

19.7 

11 

Bread 350 gm., salmon 75 gm., Klim 25 gm 

57 

13.9 

10 

Bread 350 gm., salmon 75 gm-, Klim 25 gm 

45 

1.2 

9 

Apricots 200 gm., bread 300 gm., salmon 100 gm., Klim 
30 gm 

57 

19.3 

8 

Apricots 200 gm., bread 300 gm., salmon 100 gm., Klim 
30 gm 

1 

55 

17.5 

7 

Bread 325 gm., salmon 100 gm., Klim 40 gm 

48 

1.4 

6 

Bread 325 gm., salmon 100 gm., Klim 40 gm 

50 

23.8 

5 

Bread 325 gm., salmon 100 gm., Klim 40 gm 

45 

1.3 

4 

Liver 100 gm., bread 200 gm., Klim 40 gm 

43 

40.2 

3 

Liver 100 gm., bread 200 gm., Klim 40 gm 

43 

1.3 

2 

Bread 275 gm., salmon 125 gm., Klim 35 gm 

50 

15.7 

1 


Autopsy . — ^Weight of dog at death 12.5 kg. Dog is slightly emaciated but the 
body shows nothing unusual. Heart shows normal valves and muscle tissue. In 
the left auricle above the mitral valve is a granular vegetation about 1x3 mm. 
It is calcified and obviously old, perhaps related to the attack of distemper 6 years 
previously. Lungs normal. Spleen normal. Liver, gall bladder, pancreas and 
gastrointestinal tract are perfectly normal in gross. Kidneys show relatively 
little gross change but the striae of the cortex are irregular. Bladder urine shows 
albumin, casts and a few red and white cells. 

Bones . — 

Femora contain mostly fat in the shaft and cancellous tissue. 

Humeri contain fat in the upper half and some red marrow in the lower half. 

Tibiae almost all fat in shaft and cancellous bone. 

Radii and ulnae as in tibiae. 

The ribs and vertebrae show red marrow which in gross appears as usual. 

Microscopical Sections . — 

Heart. The muscle fibres are normal in most areas. The vegetations noted 
m gross are in most instances old and organized and covered by intact endothelium. 
A few fresh vegetations are found and below these areas pohunorphonudears are 
numerous — a chronic endocarditis with an acute exacerbation. 

Kidneys. ^As might be expected from the endocarditis kidneys show much 
glomerular injurj' with adhesions between glomerular tufts and capsule. The 
capsules are thick and fibrous. There are nests of mononuclear cells scattered 
throughout the cortex. Many tubules are dilated and some contain casts. The 
blood vessels are thickened. We have the picture of a primary nephritis as seen 
in man. klany of the convoluted tubules show a coarsely granular bright vellow 
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pigment within the epithelium. This pigment does not give an iron 
stain. 

Spleen shows notliing unusual. Megakarjmcjdes are not numerous but when 
found appear in small groups. Nucleated red cells are verj’- infrequent. Eosino- 
philic cells are numerous. Malpighian bodies normal. The arterioles show 
hyalin changes and much thickening. 

Liver shows normal epithelium. The liver cells in the centers of the lobules 
show some finety granular yellow pigment which is negative for iron. No 
abnormal cells found an 3 'where. 

Pancreas and gastrointestinal tract normal. 

Thyroid shows an adenoma made up of small acini and containing no colloid — 
fetal adenoma. Elsewhere th,vroid acini are normal. 

Bones . — Femora and humeri show marrow cavities filled with fat. Onl}’- small 
areas close to the bonj’’ shell show the usual red marrow. AVhere this red marrow 
is found it is normal in all respects and obviously' made up of active cells. Nucle- 
ated red cells are very numerous. Megakarjmeytes are numerous and large and 
mj'elocytes are present as usual. 

Tibiae show practicallj’^ all fat with onty an occasional cluster of normal mar- 
row cells. 

Vertebrae show a good deal of red marrow but one-half to four-fifths of these 
sections are made up of normal fat cells. Where the red marrow is found all of 
its cells appear normal and very active. Nucleated red cells are very 
numerous. 

Rib . — This tissue shows more red marrow hyperplasia than any part of the 
skeleton but even here fat cells are seen in all sections. The marrow cells 
are all normal and obviousl.v active. Nucleated red cells are found everj'- 
where. 

Dog lS-114. — h 3 'oung adult, female bull mongrel, weight 15.4 kg. at the begin- 
ning of the anemia period Fcbruar 3 ' 12, 1920. The anemia periods alternated 
with recover 3 ' periods during 3 years. From Februar 3 ’-, 1923, until June, 1927, 
there was continuous anemia with the usual hemoglobin level of 40 to 50 per cent. 
Just before death there was vomiting and drowsiness with a temperature of 98.7°F. 
There was an extremeh’ foul breath. On the da)' before death there was a non- 
protein nitrogen of 231 mg. per 100 cc. and a blood urea nitrogen of 146 mg. 
per 100 cc. The urine contained albumin, Esbach 1.5 gm. /liter, and man 3 ' granular 
and epithelial casts, also a few red cells and leucoc 3 'tes. The dog was sacrificed 
with ether and bleeding on June 16, 1927. The diet for the 7 week period pre- 
ceding death is given in the following table, c.vcept that liver residue was only 
given three times in the last week. The theoretical reserve hemoglobin storage 
on this diet was at a low level. 
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pigment within the epithelium. This pigment does not give an iron 
stain. 

Spleen shows nothing unusual. Megakarjmeytes are not numerous but when 
found appear in small groups. Nucleated red cells are ver}’- infrequent. Eosino- 
philic cells are numerous. Malpighian bodies normal. The arterioles show 
hyalin changes and much thickening. 

Liver shows normal epithelium. The liver cells in the centers of the lobules 
show some finely granular j’^ellow pigment which is negative for iron. No 
abnormal cells found anywhere. 

Pancreas and gastrointestinal tract normal. 

Thyroid shows an adenoma made up of small acini and containing no colloid — 
fetal adenoma. Elsewhere thyroid acini are normal. 

Bones . — Femora and humeri show marrow cavities fiUed with fat. Onlj’' small 
areas close to the bony shell show the usual red marrow. 'Where this red marrow 
is found it is normal in all respects and obviouslj'^ made up of active cells. Nucle- 
ated red cells are verj' numerous. Megakar 3 'OC 3 'tes are numerous and large and 
m 3 'eloc 3 ’tes are present as usual. 

Tibiae show practically all fat with only an occasional cluster of normal mar- 
row cells. 

Vertebrae show a good deal of red marrow but one-half to four-fifths of these 
sections arc made up of normal fat cells. Where the red marrow is found all of 
its cells appear normal and vcr 3 '’ active. Nucleated red cells are ver 3 '' 
numerous. 

Rib . — ^This tissue shows more red marrow hyperplasia than any part of the 
skeleton but even here fat cells are seen in all sections. The marrow cells 
are all normal and obvioush' active. Nucleated red cells are found ever 3 '- 
where. 

Dog lS-114 . — A 3 'oung adult, female bull mongrel, weight 15.4 kg. at the begin- 
ning of the anemia period Februar 3 ’- 12, 1920. The anemia periods alternated 
with recovery periods during 3 years. From Februar 3 ’-, 1923, until June, 1927, 
there was continuous anemia with the usual hemoglobin level of 40 to SO per cent. 
Just before death there was vomiting and drowsiness with a temperature of 98.7°F. 
There was an e.\'tremel 3 ’ foul breath. On the da 3 ' before death there was a non- 
protein nitrogen of 231 mg. per 100 cc. and a blood urea nitrogen of 146 mg. 
per 100 cc. The urine contained albumin, Esbach 1 .5 gm. /liter, and man 3 ' granular 
and epithelial casts, also a few red cells and lcucoc 3 ’tes. The dog was sacrificed 
with ether and bleeding on June 16, 1927. The diet for the 7 week period pre- 
ceding death is given in the following table, e.xccpt that liver residue was only 
given three times in the last week. The theoretical reserve hemoglobin storage 
on this diet was at a low level. 
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amount of yellowish brown pigment in phagocytic cells is noted throughout 
the pulp. The lymph follicles are of normal appearance. 

In the pancreas small areas of acinar tissue have been replaced b}' fibrous tissue 
in w’hich the ducts stand out prominentl}'. The remaining pancreatic tissue 
is normal. 

The liver contains a small number of scattered fat cells. Polymorphonuclears 
in small numbers are seen throughout the liver parenchj'ma. 

The kidneys show extensive glomerular injiu-}'^ with adhesions and fibrosis of 
the tufts. There is marked thickening of the capsules and adhesions between 
glomerulus and capsule are numerous. HyaUn thrombi are frequentlj'- noted. 
The tubules are much larger than normal having a low epithelial fining. Many 
of the tubules contain hyalin casts, some of which are impregnated with lime 
salts. The cortex shows considerable interstitial fibrosis and mononuclear infiltra- 
tion. The tubular epithelial cells contain a moderate amount of yellow pigment 
and many fat droplets. 

Right Femur . — ^Two sections are available from right femur. These consist 
largely of fat. Small areas of active marrow are present on the peripheral portion 
of the marrow core. A very small amount of fat has been replaced by red marrow 
for the small amount of marrow activity is confined to areas between the fat cells. 
Of the cells present, normoblasts form a fairly large proportion. The megaloblasts 
in strands and small clumps are present in somewhat unusual numbers. Erj'thro- 
blasts are also numerous. Relatively few myelocytes or early leucocytes can be 
seen. There arc several megakarj'ocytes in each medium high power field (Fig. 5). 

Right Tibiae . — ^Entirely made up of fat; no marrow cells. 

Left Humerus . — This section is entirely similar to the ones from the right femur 
— both in the amount of active marrow and in the type of cells present (Fig. 4). 

Ribs . — The rib marrow shows about one-third fat. Cellular types in all decalci- 
fied sections arc differentiated with difficult}'. Megakaryocytes are made out 
with ease and are present in large numbers. Cells having an eosinophilic cyto- 
plasm arc numerous. 

Vertebrae . — Of the four vertebral sections tliree are practically similar to the 
rib sections. One of the vertebral sections, however, gives a picture of complete 
aplasia. The marrow is entirely made up of fat with but an occasional ver}' 
small group of cells (Fig. 3). 

Note . — This dog shows only slight Jailing in capacity to produce hemoglobin 
and red blood cells even in the face of extreme h}'poplasia or exiiaustion of 
red marrow. 


DISCUSSION 

In spite of the comprehensive observations of Peabody (5), Sabin 
(8, 3), Doan (1, 2), Cunningham (3) and others, we felt that it was 
essential to carr}' out a study of the red marrow in these dogs whose 
life history is known from birth. The only abnormality in most cases 
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is a long continued severe anemia due to bleeding. The pigment 
production of this type of dog has been carefully studied in this labo- 
ratory and includes both hemoglobin and bUe pigment output under 
a variety of controlled conditions. 

Expecting marrow exhaustion in these long continued anemia experi- 
ments, we were disappointed, and it is evident that the red marrow of 
these dogs can stand the strain of a continuous severe anemia for very 
long periods and in some cases throughout the entire life of the dog. 
In Dog 18-114 (see Table 2) there seems to be some evidence of marrow 
exhaustion and the red marrow spread is reduced to very restricted 
limits. In spite of this limited amount of red marrow this dog pro- 
duced reasonable amounts of new hemoglobin from week to week and 
there was no spectacular fall in the output of hemoglobin and new red 
cells (see history above, Dog 18-114). We may say that there is a 
moderate drop in hemoglobin production during the last few weeks 
of life but it is in no way proportional to the great shrinkage in the 
red marrow area of spread. 

Another dog shows a limited red marrow spread (Dog 24-2, Table 2 
and history above) but this dog has approximately twice as much red 
marrow as Dog 18-114. This second dog (24-2) shows no diminution 
in the output of hemoglobin and red cells on standard diets in the last 
weeks of life. This red marrow in spite of its limited area was able 
to produce the usual amount of new red cells and there is no evidence 
to indicate marrow exhaustion although there is red marrow shrinkage. 

In both these dogs with very limited red marrow spread (Dogs 24-2 
and 18-114) the red marrow elements remaining appear in all respects 
normal and show evidence of the usual active production of red cells. 
It would seem that this small amount of red marrow must be pro- 
ducing red cells with maximum efficiency per gram of red marrow. 

These same two dogs show a considerable degree of chronic nephri- 
tis and Dog 18-114 was approaching uremia. We can find no clear 
evidence that the chronic nephritis is related to the limited or decreased 
red marrow spread as we can refer to two dogs in the second half of 
Table 1 (Dogs 19-104 and 24-49) with similar D^pes and grade of 
nephritis but wfith an average red marrow spread. Chronic nephritis 
appears in dogs past middle age and frequently in dogs which have 
had distemper. Along with adv'ancing 3 ’-ears there is a tendena' for 
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the red marrow to occupy a smaller area of the bony skeleton. It is 
possible that this shrinkage of the red marrow area may be a part of 
the atrophy of old age in both normal and anemic dogs. 

Spleen metaplasia with erythrogenesis in this series of dogs appears 
definite but not striking in the majority of cases. Among the early 
workers in this field Morris (4) observed in anemic rabbits a somewhat 
similar reaction in the spleen. He noted erythrogenesis in the liver 
as well. We have never observed any change in the livers of these 
dogs indicating marrow metaplasia. Also the Ijmph glands are free 
of evidences of marrow metaplasia and erythrogenesis. 

The spleen shows varying numbers of megakaryocytes, see Table 3 
and Fig. 6. There are nests of nucleated red cells in the spleen pulp 
in practically all cases. One might explain these nucleated red cells 
as coming from tlie marrow and not arising within the spleen but the 
evidence seems to indicate that some red cells are formed in the 
spleen pulp. We do not believe that the spleen is ever a large factor 
in red cell production under these conditions. An occasional myelo- 
cyte is seen in the spleen pulp. 

SUMMARY 

In long continued severe anemia due to bleeding in dogs we may 
observe all degrees of red marrow spread. The maximal red marrow 
spread takes in the total marrow area in ribs, vertebrae and long bones. 
The minimal red marrow spread may involve but 10 to 20 per cent 
of this maximal area. All gradations between these extremes are 
observed in this series. 

The extent of the red marrow spread is not dependent upon the 
length of the anemia period nor is it related to the capacity of the dog 
to produce new hemoglobin and red cells on standard diets. 

Evidence points to the liver as concerned with this hemoglobin 
production and liver function may set the limits for hemoglobin pro- 
duction on these standard diets. This in turn may determine the 
needful red marrow spread. 

During favorable diet periods there is a storage of hemoglobin or 
hemoglobin precursors which come out later in the control periods 
as finished red cells. This reserv’c of hemoglobin producing material 
is not stored as mature red cells in the marrow or elsewhere but as 
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intermediates stored probably in the liver and red marrow but also 
perhaps in the kidney and spleen. 

Red marrow very rarely gives evidence of exhaustion even after 
many years of continuous severe anemia (Dog 18-114). This would 
seem to consist of a shrinkage of the red marrow area rather than a 
degenerative change of the red marrow cells. 

The spleen shows some evidence of erythrogenesis in these dogs. 
Megakaryocytes in some instances are conspicuous (Fig. 6) and nests 
of nucleated red cells are foimd in the spleen pulp but it is unlikely 
that the spleen contributes any large amoimt of red cells to the anemic 
circulation in these experiments. 

There is no evidence that erythrogenesis occurs in the liver or 
lymphatic tissue in these dogs. 
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EXPLANATION OF PLATES 

The photographs were taken from sections stained with hematoxj-lin and eosin 
after fixation in Zenker’s fluid. 


Plate 29 

Fig. 1. Maximal red marrow spread and hj-perplasia. Dog 25-24 — radius 
marrow. X107. 

Fig. 2. Maximal marrow h>-perplasia. Dog 25-24 — radius marrow. X580. 


Plate 30 

Fig. 3. Minimal red marrow spread. Dog 18-114 — body of vertebra. X107. 
Fig. 4. Minimal red marrow spread. Dog 18-114 — humerus marrow. Xlll. 
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PlATE 31 

Fig. 5. Minimal red marrow spread. Dog 18-114 — femur marrow. X527. 
Fig. 6. Spleen erj’-throgenesis — ^megakarj'ocjdes and nucleated red cells. 
Dog 18-114. X382. 
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THE INFLUENCE OF PLASMA PROTEIN ON THE CHLORIDE 
CONTENT OF THE CEREBROSPINAL FLUID 

By HERBERT I. COOMBS, Ph.D., and .KENNETH WADE THOMPSON, M.D. 

{From the Laboratory for Surgical Research and the Department of Biochemistry, 
Harvard Medical School, Boston) 

(Received for publication, May 28, 1932) 

During the past two decades much attention has been given to the 
mode of formation of the cerebrospinal fluid. Until recently it was 
generally considered that the fluid was actually secreted by cells of 
the choroid plexus. This theory was first suggested 70 years ago by 
Schmidt (11), Faivre (3), and Luschka, and it was the working basis 
of almost all of the numerous investigations of this subject until 1912. 
In that year Mestrezat (10) brought forward the theory that the 
cerebrospinal fluid is a dialysate in equilibrium with the blood plasma, 
the choroid plexus acting merely as a simple dialyzing membrane. 
Since 1912 many investigations have been rmdertaken to determine 
the actual mechanism, and the results of most of this work have been 
reviewed by Fremont-Smith (4) who, from his survey and from the 
results of his own researches, has been led to think that “there is no 
good evidence for secretion.” 

There are other authors, however, who are not in accord with the view of 
Fremont-Smith, as there are some facts that have not been easily explained by 
Mestrezat’s theory of dialysis. The center of difhculty has chiefly been the 
marked disparity between the chloride content of the blood and spinal fluid. A 
very similar disparity has been found in several other fluids of the body, and there- 
fore the difference seems to be a real one, of fundamental importance. 

Many of the conflicting results which have been obtained for the blood and 
other body fluids may be e.xplained by the inherent difflculties of tests, and by the 
non-specificity of certain analytical and colorimetric methods when applied to 
various constituents of the above fluids. However, this explanation cannot be 
used in the case of chlorides which can be estimated with accurac>' and certainty. 
Lennson (8) makes the comment that “there has been greater uniformity in the 
results of various workers upon the chloride content of the cerebrospinal fluid than 
upon its other chemical constituents.” 
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need for accuracy of this figure, 1.1 per cent was accepted for all the calculations, 
thus sparing the quantity of cerebrospinal fluid needed for the analyses. 

RESULTS 

The results of two of the four experiments are tabulated, those of 
the other two experiments being quite similar. 


TABLE I 



Residue 

Water 

Plasnaa | 
protein , 

Sodium* j 


Chloride* 


Day 

Plasma 

Cerebro- 

spinal 

fluid 

Plasma 

CcrebrO'l 

spinal 

fluid 

Plasma 

Cerebro- 

spinal 

fluid 

Dis- 

parity 

Plasma 

Cerebro- 

spinal 

fluid 

Dis- 

parity 


Dog 1 



Sm. ter 
cent 

gm. per 
cent 

gm. per 
cent 

gm. per 
cent 

gm. per 
cent 

mg. per 
cent 

mg. per 
cent 

mg. 

mg. per 
cent 

mg. per 
cent 

mg. 

1 

8.5 

1.1 

95.1 

98.9 

6.6 

1 

355 

345 

10 

409 

470 

61 

Plasmapheresis (350 cc. of blood withdrawn, corpuscles washed, resuspended, reinjected 

14 times) 

6 

4.5 

1.1 

95.5 

98.9 

2.9 

345 

339 

6 

439 

466 

27 

7 

5.5 

1.1 

94.5 

98.9 

3.9 

352 

348 

4 

436 

469 

33 

8 

6.1 

1.1 

93.9 

98.9 

4.5 

352 

346 

4 

434 

468 

34 

10 

8.3 

1.1 

91.7 

1 

98.9 

6.6 1 

1 

355 

349 

6 

432 

476 

44 

Dog 2 

1 

HI 





374 

357 

18 

423 

486 

63 

Plasmapheresis (400 cc. of blood withdrawn, corpuscles washed, resuspended, reinjected 

7 times) 

3 

5.2 

1.1 

94.8 

98.9 

3.8 

342 

338 

4 

438 

468 

30 

4 

6.2 

1.1 

93.8 

98.9 

4.7 

355 

351 

4 

437 

.485 

48 

5 

7.0 

1.1 

93.0 

98.9 

5.5 

361 

349 

12 

426 

474 

48 

7 

7.9 

1.1 

92.1 

98.9 

6.4 

368 

353 

15 

420 

484 

64 


* Corrected for the water content of the plasma and cerebrospinal fluid. 


In both experiments it wll be seen at once that there is a very 
striking decrease in the disparity of the chloride concentrations of tlie 
plasma and of the cerebrospinal fluid, when the content of the protein 
in the plasma is reduced. There is also a similar decrease in the dis- 
parity of the sodium values. 
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SUMMARY 

1. When the plasma protein of dogs is lowered by plasmapheresis, 
the concentration of chloride and sodium in the plasma and the cere- 
brospinal fluid tends to become the same, a diminishing of the usual 
disparity which exists in the presence of a normal plasma protein. 

2. This is in accord wnth the theory that the cerebrospinal fluid is a 
dialysate, with the choroid plexus acting as a simple dialyzing mem- 
brane. 

We wish to thanlc Dr. Harvey Cushing and Dr. Otto Folin for their 
helpful suggestions, and for the opportunity of canynng on this 
research. 
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STUDIES ON TYPHUS FEVER* 


IX. On the Serum Reactions of Mexican and European Typhus 

Rickettsia 

Bv HANS ZINSSER, M.D., axd M. RUIZ CASTANEDA, M.D. 

{From the Department of Bacteriology and Immunology of the Harvard University 

Medical School, Boston) 

(Received for publication, June 10, 1932) 

In a communication published in April, 1932 (1), the writers de- 
scribed a method of obtaining large numbers of Rickettsiae by the 
inoculation of rats previously exposed to severe short wave-length 


CORRECTION 

In Vol. 56, No. 3, September 1, 1932, page 422, line 15 under Summarj*, for 
After transfer to media suitable for acid growths, read After transfer to media 
suitable for acid-fast growths. 


Agglutination with typhus Kickcltsia suspensions nas uccn Lilllicu 
out by Otto and Dietrich, (3), by Weigl (4), by Krukowski (5), and 
by da Rocha-Lima (6). All of these obser\"ers use suspensions of the 
carbolized intestinal contents of infected lice (Weigl vaccine), a 
material containing much extraneous debris but rich in Rickettsia 
and, with proper precautions, quite suitable for agglutination e.x- 
periments. All of them found that the blood of t>*phus convalescents 
developed agglutinins for such suspensions, Krukowski stating that the 
Rickettsia agglutinins appeared earlier and attained higher potencies 
than did the agglutinins for Proteus X-19. This investigator also 
obser\-ed that guinea pigs — animals on which the Weil-Felix reaction 
rarely appears — developed Rickettsia agglutinins. Reriewing these 

* The work here reported u-as carried out in part on a grant from the De Lamar 
Mobile Research Fund. 


456 


TYPHUS PEVER. IX 


experiments, Otto and Munter (7) express the opinion that Rickettsia 
agglutination is more specifically diagnostic of typhus fever than is 
the Weil-Felix reaction. 

All such experiments up to the present time have been done with 
the European variety of typhus and with Rickettsiae obtained from 
lice. The etiological role of these organisms, however, is not in any 
way questioned today. There are still investigators, on the other 
hand, who are not yet convinced of the specific significance of the 
organisms observed in the tunica cells of Mexican typhus guinea pigs 
(see Nicolle and Laigret cited above). It was for the purpose of elu- 
cidating this point and to investigate the serological relationships be- 
tween the Mexican (New World) and Old World varieties of the 
disease that the following experiments were undertaken. 

Technique 

The materials used for agglutination were the Weigl vaccine, of which we ob- 
tained several ampoules from Dr. Mooser, and our own suspensions of Mexican 
Rickettsia produced by the rat X-ray method referred to above. 

In a large series of preliminary' e.xperiments we discovered that the formalin- 
treated Rickettsiae, as described in our published technique, were not as readily 
agglutinable as were similarly prepared carbolized suspensions. The reason for 
this is not clear, but in all the protocols cited the material used was carbolized 
(0.5 per cent phenol). 

We devised a number of agglutination methods in which the organisms were 
observed microscopically and macroscopically, with and without staining; and 
while some of these were reasonably satisfactory and gave us much preliminary 
information, we report below only the results obtained by our final method, of the 
reliability of which we are satisfied. Microscopic methods were eventually given 
up entirely as possessing too many' pitfalls of false clumping under conditions of 
prolonged observation. The method as finally adopted depends upon the use of 
small, flat tubes especially made for us, which can be used with minute quantities 
of material (this for reasons of economy) and w’hich can be observed with conveni- 
ence under a binocular of 30 diameters’ magnification. Serum dilutions and 
Rickettsia suspensions are run into the tubes with capillary pipettes, and mixed by 
drawing them in and out several times. The tubes are then incubated in a water 
bath at 40°C. and observed at intervals of 2 to 3 hours. Agglutination was in- 
variably slow, rarely clear — even with strong sera — in less tlian 2 hours. After 5 
hours, agglutination was usually complete. At about that time the tubes were 
left at room temperature for subsequent reading and were again read after a night 
in the ice chest. Readings were independently made by two, and sometimes by 
three observers. .‘Ml readings were made by comparing the tube under observa- 
tion with a series of controls. 
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In the code xised, + means slight agglutination, but definite; ++ means strong 
agglutination with some turbidity left between clumps; + + + means almost 
complete agglutination; + + + + means complete agglutination; — means nega- 
tive agglutination; 0 means that this particular dilution was not set up. 

EXPERIMENTS 

Our first experiments concerned themselves with agglutinin de- 
velopment in guinea pigs convalescent from infection with a European 
(Breinl) strain of typhus, a Tunisian strain, and our own Mexican 
strain. 

Experiment I. — The occasional omission of a dilution (0) in the comparative 
series was due to the necessity of economy with the Weigl vaccine, of which we had 
only a meagre supply. 

The sera listed in the tables below are as follows: 

Mexican Guinea Pig 1. — ^Bled 29 dai^s after inoculation, 15 day after deferves- 
cence, 17 days after subsidence of swelling. 

Mexican Guinea Pig 2. — ^Bled 21 days after inoculation, 2 days after deferves- 
cence, 9 days after subsidence of swelling. 

European Guinea Pig 1. — ^Bled 17 days after inoculation, 4 days after deferves- 
cence. 

European Guinea Pig la. — Same animal bled 6 days later. 

European Guinea Pig 2. — Bled 23 days after inoculation, 10 days after deferves- 
cence. 

European Guinea Pig 2a. — Same guinea pig bled 8 days later. None of the 
sera employed were heated. 

In Table I, which shows the results, the sera are set up against the Weigl vac- 
cine in 1-40 dilution only, a potency indicated by preliminar)’’ experience, and the 
controls are selected to give adequate safeguard without waste of material. 

The foregoing experiment confirmed preliminary ones in showing 
that the sera of guinea pigs convalescent from either the Mexican or 
European tj'phus infection agglutinated both varieties of Rickellsiac. 
It was noticeable here, as in the earlier experiments, that the l^Iexican 
serum usually agglutinated the Weigl vaccine more powerfully than 
the European serum agglutinated our owm Rickettsia. 

Experiment II. — For the foregoing reason, it seemed desirable to us to make a 
comparison between two of the above sera in greater detail, setting up reactions 
at relatively short dilution intervals. A cross-agglutination of Mexican Richcltsia 
and of Weigl vaccine with conx-alcscent guinea pig sera was therefore carried out. 
The results of this experiment are shown in Table 11. 
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TABLE I 


Serum 

Dilution 

Mexican Rickettsia 

Weigl vaccine 

Mexican Guinea Pig 1 

1-40 

+++ + 

d — h to -j — 1 — h 

1 

1-80 

+H — 1-+ 

0 

Mexican Guinea Pig 2 

1-40 

+ + + + 

+ + to + + + 


1-80 

+ + + + 

0 

1 

European Guinea Pig 1 

1-10 

+ + 

0 


1-20 

+ + 

0 


1-40 

+ 

+d — h to -t-d--h+ 


1-80 

— 

0 

European Guinea Pig la 

1-10 

"1 — 1 — h 

0 


1-40 

0 

d — 1 — h 


1-80 

— 

0 

European Guinea Pig 2 

1-10 

+++ 

0 


1-40 

0 

d'd--f- 


1-80 

— 

0 

European Guinea Pig 2a 

1-10 

+++ 

-fd-d- to d-d-d-d- 


1-40 

++ 

d-d-d- 


1-80 

— 

— 

Normal Guinea Pig 1 

1-10 

— 

0 


1-20 

— 

0 


1-40 

— 

— 

Normal Guinea Pig 2 

1-10 


0 


1-20 

— 

0 


1-40 

— 

— 

Normal Guinea Pig 3 

1-20 




1-40 

— 

— 


1-80 

— 

0 

Norm.al Guinea Pig 4 

1-20 




1-40 

— 

0 


1-SO 

— 

0 


It was again noticeable that the Weigl vaccine was more quickly 
and completely agglutinated by the Mexican serum than was our own 
suspension by the European serum. While this may be due to im- 
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cination against the disease with these suspensions is a rational pro- 
cedure. The observations of NicoUe and Laigret, however, have sug- 
gested the possibility that the tunica organisms studied by Mooser and 
by ourselves might be adventitious saprophytes present in the stock 
guinea pigs and rats, stimulated into multiplication by the insult of 
intraperitoneal injections. In that case our agglutination experiments 
with guinea pig sera would carry little conviction. 

We proceeded, therefore, to study human convalescent sera in the 
same manner in which we had studied the guinea pig sera. Our ma- 
terials were as follows: 

1. A Polish convalescent serum obtained through Dr. Mooser OVeil-Felk = 
1-1280). 

2. A Tunisian convalescent protective serum (Weil-Felix = 1-1280). 

3. A Mexican convalescent serum, A, sent us by Dr. Mooser OVeil-FelLx = 
+ + 1-3200). 

4. A Mexican convalescent serum, B (Weil-Felix = 1-500, weakly 1-1000). 

5. Two Mexican sera which were verj’- old — over 2 years — and gave weak Weil- 
Felix reactions. Mexican Serum 7 (Weil-Felix = -h-h-f 1-80). Mexican Serum 
9 (Weil-FelLx = + + + 1-160). 

Experiment III, — Table III shows the results of agglutination experiments of 
human convalescent sera tested against our own carbolized Rickettsia suspension. 

This experiment shows definite agglutination of our Rickettsia by 
all the convalescent sera, whatever their origins. But it is notice- 
able that the European sera agglutinate the Mexican organisms much 
more feebly than do the homologous sera, and there is apparent, in 
the European sera, a prozone of exceptional breadth. This may be 
due to the age of these sera. It will be remembered that Shible}'- (8) 
has showm that heating agglutinating sera is apt to extend the prozone 
considerably, and it is reasonable to assume that ageing may do tlie 
same thing. Nevertheless, we decided to run these sera out to their 
agglutinating limits and to so control them that we might make sure 
that the positive reactions in high serum dilutions w^ere not non-specific 
phenomena. 

Experiment IV. — Table represents consolidated titrations of two consecu- 

tive experiments done with identical materials. 

Here again the zones are apparent in the Old World sera much more 
than in the Alcxican, but there could be not the slightest question 
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about the ++ and + + + agglutinations of the Mexican Richctlsia 
which occurred in the Old World serum dilutions above 1-200. 


TABLE V 


Human scrum 

Dilutions 

Sfexican RickeUsia 

Weigl vaccine 

Me.xican Serum D 

1-20 





1-50 

— 



1-100 

— 

— 

Mexican Serum E 

1-20 





1-50 

— 

— 


1-100 

— 


Mexican Serum F 

1-20 

++ + 

+ + + 


1-50 

+ + + 

+ + + 


1-100 

+ + + 

+ + + 


1-200 

+ to++ 

0 


1-500 

d — h 

0 


1-1000 

+ 

0 

Mexican Serum G 

1-10 

++++ 

++++ 


1-20 

-] — ] — [ — ^ 

++++ 


1-50 

+++ 

+++ 


1-100 

+++ 

++++ 

Normal Serum 5 

1-10 





1-20 

— 

— 


1-50 


— 


1-100 

— 

- 

Normal Serum 7 

1-10 

_ 

0 


1-50 

— 

0 

Normal Serum S 

1-100 


0 


1-200 

— 

0 


1-500 

— 

0 


1-1000 

- 

0 


Expcrhncnt T^. — ^At this time, May, 1932, we made an observation which con- 
vinced us that agglutination of our Rickettsia in human serum indicated tj’phus. 
Dr. \'arela of the Me.\ican Institute of Hygiene was good enough to send us four 
convalescent sera supposed to have been taken from patients at the period of 
defcr\’cscence. 

Agglutinations done with these sera and witli both varieties of Rickettsia vac- 








464 


TYPHUS FEVER. IX 


serum gave a Weil-Felk: 1-20 + ++; 1-40 ++; 1-80 +. For tliis reason we 
decided to use it for the experiment here recorded. 

We set up a complete set of cross-agglutinations with the two sera and their 
respective vaccines. As will be seen, each senun highly agglutinated its homolo- 

TABLE VI 


Weil-Felix Reaction {Proteus X-19) 


Dilution 

Mexican Serum D 

Mexican Serum E 

Mexican Serum F i 

1 

■Me-xican Serum G 

1-20 

— 

— 

++++ 

+++ + 

1-40 

— 

— 

++++ 

++ + + 


— 

— 

++++ 

++++ 


— 

— 

++++ 

++++ 


— 

— 

++++ 

+++ + 

1-640 

— 

— 

++-b+ 

++++ 


TABLE Vn 


Agglutination of Mexican Rickettsia and Weigl Vaccine {European Louse Rickettsia) 
by Rabbit 1 Immunized with Mexican V accinc from X-Rayed Rats 


Serum Rabbit 1 
before immunization 
(Weil-FelLx negative) 

Mexican Rickettsia 

Weigl vaccine 

1-10 



1-50 

— 

— 


— 

— 

1-200 

— 

— 

1-500 

— 

— 

1-1000 

— 

— 

Scrum Rabbit 1 



after immunization 

Mexican Rickettsia 

Weigl vaccine 

fWeil-FeVix 1-40) 


1-10 

+++ 

-j — 1 — 1 — h 

1-50 

+++ 

++ 

1-100 

++-}- 

+ -b + 

1-200 

++-\- 

-f- 

1-500 

+++ 

— 

1-1000 

+-\- 

1 


gous Rickettsia, but since, in each case, the rabbit had received, with the vaccines, 
a certain amount of either rat or louse protein, these results might justly be criti- 
cized. Agglutinations of either one of the vaccines by the heterologous serum 
cannot be subject to this objection. The reactions arc shown in Tables \TI and 
\TII. 



















HANS ZINSSER AND M. RUIZ CASTANEDA 


465 


Tables VII and V TTT illustrate that the serum of a rabbit immunized 
with our formalinized Mexican RickeUsia vaccine will agglutinate the 
Weigl louse Rickettsia and that the serum of a rabbit imm unized with 
the European louse vaccine develops agglutinating power for the 
Mexican Rickettsia as obtained by us from guinea pigs through X- 
rayed rats. Incidentally, the appearance of these agglutinins coin- 
cided in both animals with the appearance of Weil-Felix reactions. 

TABLE vm 


Agglutination of Mexican RickeUsia and of Weigl Vaccine by Serum of Rabbit 2 
Immunized with European Louse Vaccine {Weigl) 


Scnim Rabbit 2 
before immunization 
(Wefl-Fclix negative) 

Mexican Richettsia 

Weigl vaccine 

1-10 

— 

+ 

1-50 

_ 

— 

1-100 

— 

— 

1-200 

— 

— 

1-500 

— 

— 

1-1000 

— 

— 

Serum Rabbit 2 



after immunization 

^lexican Richettsia 

Weigl vaccine 

(Wcil-Fclix 1-40) 


1-10 

+++ 


1-50 

+++ 

-) — i — 1 — 1- 

1-100 

+++ 

++++ 

1-200 

+++ 

++++ 

1-500 

++ 

++- f -+ 

1-1000 

+ 

+++ 


DISCUSSION 

The experiments recorded above seem to permit little further doubt 
that the Rickettsia suspensions obtained by us in prepared rats inocu- 
lated with tunica material from Me.xican typhus guinea pigs represent 
organisms specifically related to the Old World tj'phus fever in man 
and closel)' related to, if not identical with the Rickettsia praivazeki 
seen in lice that have fed on cases of Old World tj-phus. Even thou gh 
objections might be raised to this conclusion on the basis of our guinea 
pig serum agglutinations, it is not likely that an organism saprophytic 
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in guinea pigs and rats should also be present side by side with an 
undiscovered t3fphus virus in human beings infected with both the 
New World and the Old World diseases. Further than this, the ag- 
glutinations carried out with the sera of rabbits immunized with the 
two t}^es of Rickcltsia seem to us conclusive evidence that the Euro- 
pean louse Rickettsia and the Mexican tunica organism are either iden- 
tical or closely related. There is no other reasonable interpretation 
of these cross-agglutinations, and we can see no source of error in the 
experiments. If these results are considered together with the facts 
that, in both cases, the ultimate sources of the organisms are animals 
infected with material from active human cases, and that the rabbits 
developed the Weil-Felix reaction, which is acknowledgedly diagnostic 
of the human typhus group, the chain of evidence linking these organ- 
isms with the diseases seems complete. 

WHiether the comparative agglutinations indicate an antigenic over- 
lapping of the Rickettsiae of the two sources we cannot decide with 
certainty on the basis of these tests, since the two antigens at our dis- 
posal — our rat vaccines and the Weigl louse vaccine — are quite in- 
comparable in gross physical properties. However, from the differ- 
ences in agglutinating titre manifested by individual European strain 
and Mexican strain guinea pig sera respectively upon one and the same 
vaccine, we are inclined to believe that there is a definite, though 
slight and overlapping, antigenic difference which must be taken into 
consideration in connection with the practical problems of specific 
prophylaxis and serum production. 

CONCLUSIONS 

1. The blood of guinea pigs convalescent from Old World and New 
World typhus infection develops agglutinating properties for the tunica 
and rat Rickettsiae of the New World diseases and for the louse 
Rickettsia of the Old World disease. 

2. The two microorganisms are closely related, though probably 
not identical. 

3. Human convalescents of both varieties of typhus develop agglu- 
tinins for both t}q)cs of Rickettsiae. Such i?7V/.’c//^/a-agglutinating 
properties are parallel with the Weil-Felix reaction in the human sera. 

4. Rabbits immunized with Weigl louse vaccines develop agglu- 
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many species of birds. The distribution of positive reactions, however, was very 
wide, and did not show family differences or gradations, suggesting, perhaps, that 
yolk contains common (similar to casein) and specific (similar to whey protein) 
antigens. 

There are two distinctly different proteins in hen’s egg yolk. One, 
ovovitellin, a phosphoprotein, is physically quite unlike any of the 
constituent proteins of the serum. The other, livetin, possesses physi- 
cal properties whiclr strongly recall those of serum pseudoglobulin 
(Kay and Marshall (10)). Since the eggs of both vertebrate and in- 
vertebrate animals are characterized by a yolk, and since in all the three 
species of animal so far examined (10, 29) a pseudoglobulin is present 
in the egg yolk, it appeared to us that it might be of some significance, 
possibly in the inheritance of immunity, if tliis second protein of egg 
yolk were identical with one of the globulins of the maternal serum. 

The three main proteins of serum have been shown to be distinct antigens by 
several workers, most clearly by Hektoen and Welker (11), who used the precipitin 
test and employed beef, dog, horse and human serums. Chemical evidences of 
difference are less clear. It is generallj'- admitted that serum albumin is chemically 
as well as physically distinct from serum globulin. However, chemical differentia- 
tion between serum euglobulin and pseudoglobulin is still a matter of dispute, and 
man}’’ methods have been used in an effort to distinguish between them. Ober- 
mayer and Willheim (12) used the ratio of the formol titration value to the total 
nitrogen; Groh and Faltin (13) used absorption spectography; electrodialysis and 
the anaphylactic test were employed by Otto and Iwanoff (14) ; von Mutzenbecher 
(15) used electrodialysis and the ultracentrifuge, and Hartley (16) employed the 
method of Van Slyke. Nevertheless, the observations of Chick (17), who sug- 
gested that serum euglobulin is a protein-lipoid comple.x of a pseudoglobulin solution 
with a lipoid emulsion, are re-eclioed in the review by Howe (18) and in Wells’s 
te.\t-book (19), and are reiterated by Went and Farago (20). Sp'rensen (21) found 
euglobulin not changed in solubility by e.\traction with alcohol-ether. Hewitt 
(22) reported that lipin-frce pseudoglobulin and euglobulin have distinctly different 
optical rotatory powers, and hence euglobulin cannot be a mechanical complex of 
pseudoglobulin and lipin. Finally Svedberg and Sjogren (23) have stated, on the 
basis of their work with the ultracentrifuge, that serum globulin is homogeneous 
with regard to molecular weight, and that euglobulin and pseudoglobulin are 
“laboratory products.” 

The opinion of Chick (17) that euglobulin in serum may be a complex of pseudo- 
globulin and lipoids, coupled with the well known fact that lipins may modify the 
antigenic specificity of proteins (Wells (7)) led us, in our later experiments, to use 
Hewitt’s (22) modification of the methods of Hardy and Gardiner (24), Young (25) 
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and Hartley (26), for the removal of bound lipins from proteins at low tempera- 
tures, thus avoiding denaturation, for the preparation not only of livetin but of the 
serum globulins. 

In contrast to Hewitt, we found that the distinctive property of euglobulin of 
pfpripitg f inn by ordinarv^ dialysis disappeared after cold extraction. However, it 
was still possible to separate serum globulin into two fractions by 33 and 50 per cent 
saturation with ammonium sidfate. 

Our experimental findings may be grouped under four heads; (1) 
anaphylactic (first series), (2) precipitin, (3) complement fixation, (4) 
anaphylactic (second series). 


1. Anaphylactic Tests {First Series) 

(a) Preparation of Proteins. Livetin . — Egg 3’olks were carefully washed in 0.9 
per cent sodium chloride and roUed over fine linen to separate all adherent white. 
The vitelline membrane was then ruptmred, and its contents allowed to flow out. 
The membrane was then discarded, and the yolk mixed with an equal volume of 
8 per cent NaCl solution and shaken with repeated changes of ether to dissolve out 
free lipoids. The residual solution contained the proteins lecithovitellin and live- 
lin. It was diah'zed against tap water, when the lecithovitellin precipitated, 
the livetin re m a in i n g in solution. The livetin solution was then centrifuged o5, 
clarified by filtration through paper-pulp and further purified bj' repeating thrice 
the operations of precipitating bj’ half saturation with ammonimn sulfate, centri- 
fuging, redissolving by adding water, and filtering. After this, the lipins were 
removed b3' alcohol-ether extraction at —15° (19), the protein redissolved in water, 
filtered and reprecipitated, dia^-zed against distilled water rmtil S04-free, and 
preserx’ed bv' adding either an equal volume of gtycerol, or one one-hundredth of 
the volume of 1 per cent sodium merthiolate (27). 

Serum Proteins. Chicken serum was half saturated with ammonimn sulfate, 
and the precipitated proteins were washed with half-saturated ammonium sulfate. 
The globulins were then separated from each other b3’ diah’sis against distilled 
®**Slohulin precipitating out. The3' were ether-alcohol-extracted at 

0 . e a bumin was precipitated b3' satmating the original globulin filtrate 
with ammonium sulfate. 

® i^P^ioicnt.— A group of 3’oung guinea pigs was sensitized with intra- 

livetin, using from 0.1 to 0.4 mg. of the protein, and another 
iniection using from 0.2 to 0.4 cc. From 24 to 29 da3's later, shocldng 

6 guinea pigs sensitized with livetin: 
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4 were injected with serum 24 days later, 3 of these dying in anaphylactic 
shock, the other recovering after severe dyspnea. 

10 guinea pigs sensitized with serum: 

1 was injected 24 days later with serum and died from anaphylaxis. 

1 was injected 28 days later with livetin and died from anaphidaxis. 

7 were injected 28 to 35 days later with livetin, and exhibited varjdng degrees 
of shock from which they recovered. 3 of these died from anaphylaxis 
upon injection of serum within an hour after injection of livetin. 

All guinea pigs dying in this and subsequent experiments from apparent ana- 
phidaxis were autopsied immediately after death to reveal the maximally distended 
lungs typical of this species in anaphylactic shock. 

(c) Second Experiinenl. — In this experiment the individual serum proteins were 
used, the sensitizing proteins other than livetin being prepared from hen serum and 


shocking proteins from rooster serum. 

Results . — 

8 guinea pigs sensitized with livetin: 

Killed with pseudoglobulin 2 

Killed with serum albumin 2 

Killed with serum euglobulin 1 

Acute shock with pseudoglobulin 1 

No shock with serum albumin or livetin 1 

No shock with euglobulin, slight shock from livetin 1 

2 sensitized with serum albumin: 

Killed with livetin 1 

No shock with livetin, slight shock with serum albumin 1 

4 sensitized with serum euglobulin: 

Killed with livetin 3 

Killed with serum albumin 1 

2 sensitized with serum pseudoglobulin: 

Killed with livetin 1 

Killed with serum albumin 1 


The above findings, while giving strong indications of a relationship 
between the proteins used, appeared to be obscured either by (1) poor 
separation of the serum proteins from each other, or (2) too great sensi- 
tivity of the test to traces of contaminants. Accordingly the precipitin 
test was next employed (further anaphylactic experiments are men- 
tioned later). 

2. Precipitin Tests 

(a) Preparation of Proteins. Livetin. — ^As previously described. 

Serum Proteins. — Several liters of blood were obtained from a wholesale killing 
of cockerels at a local packing house. The serum was half-saturated with ammo- 
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nium sulfate, filtered and the filtrate completely saturated with (NH4)2S04. The 
precipitate was redissolved in water and the (NEy2S04 concentration brought up 
to 50 per cent, the solution then filtered and fully saturated. This was repeated 
five times, the final albiunin solution allowed to stand for 2 weeks, clarified and 
dialyzed against distilled water. The precipitated mixed globulins were reprecip- 
itated five times, extracted with alcohol-ether at —15°, the euglobulin separated by 
precipitating with 33 per cent (NH4)2S04, repeating the precipitation at this level 
five times, dialyzing the resultant euglobulin against distilled water and raising its 
saline concentration to 0.9per cent. Thepseudoglobulin was prepared by clarifying 
the centrifugate from the first 33 per cent precipitation, raising the concentration to 
50 per cent and centrifuging off the precipitated pseudoglobulin, redissolving in water 
and repeating the process until the solution remained absolutely clear on raising its 
saturation to 33 per cent. The pseudoglobulin was then dialyzed for 10 days 
against repeated changes of distilled water and clarified by centrifuging. 

(6) Techniqtie. — ^Precipitin tests were made by adding the antigen in increasing 
dilutions (physiological saline) to the undiluted serum, the latter being layered 
under the antigen. After ^ hour at room temperature, or 15 minutes at 37°, the 
tubes were read, usually by daylight. 

(c) First Experiment. — A rabbit was immunized to livetin by means of five 
injections of 2 cc. of 0.5 per cent livetin solution at 3 day intervals. After a 3 week 
interval the animal was bled and the serum preserved with 0.01 per cent sodium 
merthiolate. (This serum was still clear and potent 5 months later.) A posi- 
tive reaction was obtained up to a dilution of 1:600,000 to 1:800,000 of livetin, 
1:100,000 of serum albumin, 1:100,000 of euglobulin and 1:800,000 of pseudo- 
globulin (all in physiological saline solution). 

id) Second Experiment. — ^Three rabbits were immunized to hen scrum by receiv- 
ing three injections of 5 cc. of hen serum in 50 per cent glycerol at 4 day intervals. 
18 days later they were bled. The serum thus obtained gave positive tests with 
dilutions of hen serum down to 1:10,000, negative with 1:100,000, positive with 
livetin down to 1 : 10,000 and negative with 1 : 100,000. 

(c) Third Experiment. — ^The albumin was roughly separated from the globulin 
of a quantity of fresh serum, obtained as in (a), diluted three times with physio- 
logical saline, by 50 per cent saturation with ammonium sulfate. The mixed 

globulins were dialyzed and then alcohol-ether-extracted. The three proteins 

albumin, pseudoglobulin and euglobulin — were then purified by repeated (NH4)2S04 
precipitation according to the method of Hektoen and Welker (11), the albumin 
fraction being taken as that precipitating between 06 and 100 per cent saturation. 

Results . — 


RabbH n. hen s<nim and 

In dilution of 

! 


1:10,000 

1:20,000 

1:30,000 

1:40,000 

Pseudoglobulin 

-I. 


+ 


Livetin 



db 



* 


1 
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In dilution of 


Rabbit ts. Uvetin scrum and 











Euglobulin 

+ 


1 

+ 


+ 

+ 

+ 


Albumin 


+ 

+ 

+ 

± 

— 




(f) Fourth Experiment . — ^An immune serum was prepared for each of pseudo- 
globulin, euglobulin and whole fresh egg white by injecting at 4 da}”- intervals for 
3 weeks into rabbits the following quantities of the antigens: to 2 cc. of 0.2 per 
cent pseudoglobulin, 2 to 5 cc. of 0.32 per cent euglobulin, and to 2 cc. of 
ordinary egg white in 50 per cent glycerol. Two rabbits were used for each pro- 
tein. 10 days after the last injection the animals were bled, and in eacli case the 
serum reacted strongly with the immunizing protein. Egg white was included 
merely for the purpose of comparing the behaviour of an unpurified, unextracted 
protein mixture with that of the purified antigens. 

Results of Titration . — 


(1) Rabbit vs. pseudoglobulin serum and 


Pseudoglobulin 

Livetin 

Euglobulin 

Egg white 

Serum albumin 

1:5,000 -1-1- 
1:10,000 -1-1- 
1:100,000 + 
1:500,000 - 

1:5,000 -1-1- 
1:10,000 ++ 
1:100,000 dz 

1:10,000 -1-+ 
1:100,000 + 
1:500,000 - 

1:10 -f 

1:100 - 
1:1,000 - 

1:4,000 - 
1:10,000 - 
1:50,000 - 
1:100,000 - 


(2) Rabbit vs. egg white scrum and 


Egg white 

Livetin 

Pscudoglobulin 

Euglobulin 

Serum albumin 

1:1,000 -}-+++ 

1:10,000 +++ 

1:100,000 -f 

1:500,000 - 

1:1,000,000 - 

1 : 1 ,000 - 
1:5,000 - 
1:10,000 - 

1:5,000 - 
1:10,000 - 

1:5,000 - 
1:10,000 - 

1:4,000 ++ 

! 


(2) Rabbit vs. euglobulin serum and 


Euglobulin ! 

Livetin 

Pscudoglobulin ' 

Egg while 

1:10,000 -f-i-b-i- 

1:5,000 -b-b 

1:10,000 -b-b 

1:10 -b 

1:100,000 -f-b 

1:10,000 -b 

1:100,000 -b 

1:100 -b 

1:500,000 - 

1:100,000 - 

1:500,000 - 

1:1,000 - 
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Livetin does not fix complement with 
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serum. (The slight indications with 
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to determine the minimum fixative amount of serum; this amount vras doubled 
for titration of protein. 

(6) Experiment 1, summary of 60 tests: Rabbit versus bvetin serum 

gave complete fixation -with 1 to 10 units of livetin, no fixation with 1 to 10 units 
of serum pseudoglobulin, serum euglobulin or serum albumin. 

Experiment 2, summary of 96 tests; Rabbit versus livetin serum gave no fixation 
with 16 to 100 rmits of serum euglobulin, no fixation with 20 to 80 units of serum 
pseudoglobulin, no fixation with 0.1 to 0.4 cc. of 1 ; 10 hen serum (equivalent to 80 
to 320 units of serum protein). 

Experiment 3, siumnary of 174 tests; Rabbit versus egg white serum gave com- 
plete fixation with 2 to 25 units of egg white, no fixation with serum pseudoglobulin 
ranging from S imits to 40 units, no fixation with sermn euglobulin ranging from 5 
units to 62 units, no fixation with livetin ranging from 8 units to 160 units. 

Rabbit verstis euglobulin serum gave no fixation with egg white ranging from 
50 to 200 rmits, no fixation with 80 rmits of livetin. 

Rabbit versus hen-seium serum was anticomplementary. (Was this an actual 
immunity against complement?) 

Rabbit rerjiw livetm senun gave no fixation with 50 to 300 units of egg white. 
Experiments 4 and 5 are given in more detail in Tables I and U. 

(c) Conclusions from the Complement Fixation Test. — ^When used as 
immunizing proteins, pseudoglobulin behaved as an antigen distinct 
from euglobulin, livetin, egg white or serum albumin; egg white be- 
haved as an antigen distinct from pseudoglobulin, euglobulin and 
livetin; livetin behaved as an antigen distinct from egg white, pseudo- 
globulin or senun albumin; while euglobulin yielded a serum which 
was less sharply specific than the others, but was far more highly reac- 
tive for euglobulin than for livetin and pseudoglobulin, and did not 
react with egg white and serum albumin. 

4. Anaphylactic Tests {Second Scries) 

In these tests the same antigens were used as in the complement fixation tests. 
The sensitizing dose was 0.1 mg., administered intraperitoneally, and the shocking 
dose 1.0 mg., administered intravenously, of protein. Nine guinea pigs were sen- 
sitized with pseudoglobulin, and nine with euglobulin. 

Animals sensitized with euglobulin: 

Killed with livetin j 

Severe shock with livetin j 

Killed with pseudoglobulin I 

Unaflected by scrum albumin, killed by injecting euglobulin 30 min 
later 
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Unaffected by serum albumin, shocked severely 30 min. later by 


euglobulin 1 

No sensitization : 2 

Killed with euglobulin 1 

Animals sensitized with pseudoglobulin: 

Killed with livetin 3 

Killed with euglobulin 1 

No shock with serum albumin, killed 30 min. later with pseudoglobulin . 2 

No sensitization 2 

Elilled with pseudoglobulin 1 


These results reveal clearly (1) a relationship between livetin and 
serum globulin, (2) effective separation of albumin from the globulins of 
serum. Precipitin tests were repeated on the same day using the 
serum albumin preparation against rabbit versus livetin serum, and 
found to be strongly positive. 

DISCUSSION 

So many complex and unknown factors enter into the antibody re- 
actions that a positive result is probably more significant than a nega- 
tive one.^ Hence we are inclined to look upon the positive evi- 
dence of the identity of livetin of the egg yolk and globulin of 
fowl serum afforded by both the anaphylactic and precipitin tests as 
probably outweighing the negative results of the complement fixation 
reactions. 

The results in 2 (/), 3 {b) and 4, using the same antigen solution, 
provide interesting opportunities for the comparison of the behaviour 
of the three tests. Thus the euglobulin and pseudoglobulin of fowl 
serum were clearly differentiated by the complement fixation test, 
while both the anaphylactic and precipitin reactions did not distin- 
guish between them. Again whilst serum albumin would not shock 
globulin-sensitized guinea pigs (in 4) which were sensitive to livetin, it 
would nevertheless give a precipitin reaction with the serum of rabbits 
which had been immunized against livetin. 

Such discrepancies might provide the opponents of the Unitarian 
hj^DOthesis with an argument in favour of the existence of essential 
differences in the mechanism tmderlying the anaphylactic and the 


1 C/. Wells (19), p. 112. 
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precipitin reactions on the one hand and the complement fixation test 
on the other. These discrepancies may, however, indicate that the 
former two types of reaction are not tests of absolute chemical and 
structural identity, but only of the identity of some important portion of 
the molecule of each protein (Wormall (28)), whereas a positive result 
from the last test (complement fixation) requires a stUl closer approxi- 
mation to complete identity between the two proteins concerned. 
Knowledge of the relation of structure to specificity has been reviewed 
by Wells (19.).^ Without venturing further into speculation we shall 
conclude by drawing attention to the positive evidence of a dose re- 
lationship which our results with the anaphylactic and predpitin tests 
would appear to indicate as existing between livetin and serum globulin. 

SUMMARY 

A comparison of the livetin of egg yolk and serum glob ulin of the 
common fowl using (a) anaphylactic and (b) precipitin reactions, indi- 
cates that the two proteins are very dosely related, if not identical. 

The complement fixation test does not give the same result but 
indicates a difference between the two proteins. The complement fixa- 
tion test also shows differences between serum euglobulin and serum 
pseudoglobulin when these proteins, prepared with considerable care, 
cannot be distinguished either by anaphylactic or predpitin tests. 

We wish to thank Dr. Donald T. Fraser for his interest and advice. 
This work has been carried out during the tenure by one of us (T. H. J.) 
of a bursary from the Ontario Research Foimdation. 
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PROPERTIES OF THE CAUSATIVE AGENT OF A CHICKEN 

TUMOR 

VI. Action of the Associated Inhibitor on jMouse Tohors* 
By JAAIES B. MURPHY, M.D., and ERNEST STURM 
(From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 14, 1932) 

In previous communications evidence Fas been presented which 
indicates that an inhibitor is present in transplantable chicken tumors, 
together with the tumor-producing agent (1). The bases of the 
assumption that such an inhibitor exists are first, that the removal of a 
fraction from a tumor extract leaves the tumor agent in a far more 
active form, and second, that the inhibitor can be extracted from 
certain tiunors in sufficient concentration to neutralize the tumor- 
producing property of the most active tumor extracts. It has been 
suggested that the two factors present in the chicken tumor, an agent 
which causes the malignant transformation of cells and an inhibitor 
which tends to balance or neutralize this agent, are related to the 
factors which control the growth and differentiation of normal tissues 
(2) . The tumor agent (Chicken Tumor I) when first studied exhibited 
a pronounced degree of species specificity, but now shows it to a less 
extent. On the other hand, man}' active cell products are not limited 
in their action to the species producing them. On the basis that the 
inhibitor from the chicken tumor might be less limited in its effect than 
the agent, it has been tested on mouse tumors. The results are given 
in the present paper.* 


Methods and Materials . — ^The following materials kno's\'n to neutralize or inhibit 
the chicken tumor agent were tested on mouse tumors: c.Ytracts of desiccated slow- 


*Tliis investigation was carried out under the Rutherford Donation. 

* A prcliminar>‘ note on this work has been published (Murphy, Jas. B., and 
Sturm, E., AfiTOff, 1931,74, ISO). 
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growing chicken tumor,* exudates from slow-growing tumors, sera from immune 
chickens, and sera from immunized rabbits (3). As controls to the above tests the 
following materials, known not to affect the chicken tumor agent, were investi- 
gated: extracts of desiccated rapidty growing chicken tumor, exudates from 
rapidl}’’ growing tumor, muscle, brain, and liver from normal chickens, muscle 
from immune chickens, and normal rabbit and chicken sera. The test solutions 
were prepared by thoroughly extracting 1 gm. of the tissue desiccates with 30 cc. 
of water, maintaining the pH at about 7 by the addition of n/ 10 NaOH. The 
extracts were then centrifuged to remove the larger particles and the supernatant 
fluid heated at 52°C. for 30 minutes. The latter procedure was used to destroy 
the tumor agent in the active extracts and for uniformity the treatment w'as carried 
out on all the controls. 

The transplantable mouse carcinoma utilized in tlie experiment was a standard 
tumor, known as Bashford 63. It usually gives a fairly high percentage of takes 
and does not often retrogress when once established. The sarcoma principally 
used is also a standard tumor, known as Crocker 180, characterized by the high 
percentage of takes it gives in practically all strains of mice, and by the fact that 
it is not easily influenced by procedures which increase animals’ resistance to 
many of the other transplantable tmnors. A third tumor. Mouse Sarcoma S/37, 
had its origin in the stroma of a transplantable adenocarcinoma, and is notable for 
its rapidity of growth. 

In the test with the carcinoma, grafts of the usual size were cut from the solid 
part of 3’'oung tmnors; these were placed in the extracts and nicked in several 
places to give a greater smface of exposure. The controls were immersed in salt 
solution. The contact was onty for the time required to load the grafts into 
trocars for inoculation. With the sarcomas a suspension was made by forcing the 
tmnors through a fine grill and adding 3 times the volmne of normal salt solution. 
Part of this suspension was mixed with equal amounts of the test extract or fluid 
and 0.1 cc. inoculated into mice. For the controls the suspensions were diluted 
with salt solution and equal amounts inoculated. In practical^ all of the experi- 
ments the mice received the test inoculation in one groin and the control in the 
other, with additional animals inoculated with the control alone. 

The Effect of Extracts of CMchcn Timor I on Transplantable Mouse 

Tmnors 

The action of chicken tumor extracts sucli as are known to inhibit 
tlie chicken tumor, and of others -without this effect have been princi- 

- The fact should be emphasized that not all slow-growing examples of Chicken 
Tumor I x'ield sufficient inhibitor to have the marked effect reported in this and 
previous papers. Extracts of desiccates of a large number of tumors were tested 
and those j-ielding the greatest concentration of inhibitor were utilized in this test. 
It is possible that the slow growth rate of some tumors depends on factors other 
than the presence of an inhibitor in the tumor. 
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pally tested. So far the investigations have been confined to experi- 
ments vdth the three mouse tmnors, for it seemed more important at 


effect cf extract* fror. 

a.'xi raord-frev-r^g chic!'. 2 n Uzrer cn sarcccii 





IXX Msren 


Text-Fig. 1 


Iffect d products fron s:cr-f-grcrj;ng chtchea lur.-cr cn rr/xa<; Mrccrr.s 



Text-Fig. 2 


the moment to multiply the control tests than to extend the obscr\-a- 
tions to a larger variety of tumors. 


Expcriviculs. — The .-ivcrapc individual experiment was made up of .tO mice 
divided into groups of 10. Two of these reccivetl inoculations of tumor plus a test 
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fluid in one groin and in the other a control inoculation of the tumor with normal 
salt solution. The third group was inoculated in both groins with the tumor in 


TABLE I 


Experi- 

ment 

number 

Material inoculated 

Number 
of inocu- 
lations 

Number 

negative 

Negative 

■ 

P 





per cent 



1 

Mouse Tumor ISO plus e.xtract 

131 

102 

77.9 




slow C.T.I. 

Mouse Tumor 180 plus salt 

163 

21 

12.9 

126.0 

0.000,000 


solution 






2 

Mouse Tumor 180 plus e.xtract 

20 

2 

10.0 




rapid C.T.I. 

Mouse Tumor 180 plus salt 

60 

3 

5.0 

0.6 

0 4 


solution 






3 

Mouse Tumor ISO plus exudate 

18 

16 

88.9 




slow C.T.I. 

Mouse Tumor 180 plus salt 

54 

0 

0.0 

61.7 

0.000,000 


solution 






4 

Mouse Tumor 180 plus exudate 

20 

0 

0.0 




rapid C.T.I. 

Mouse Tumor 180 plus salt 

60 

3 

5.0 

1.0 

0.3 


solution 






5 

Mouse Tumor 63 plus extract 

46 

10 

21.7 

1 



slow C.T.I. 

Mouse Tumor 63 plus salt solu- 

87 

19 

21.8 

0.0 

1 

1.0 


tion 






6 

Mouse Tumor 63 plus exudate 

17 

2 

11.8 




slow C.T.I. 




0 7 



Mouse Tumor 63 plus salt 

38 

8 

21 1 

0.4 


solution 






7 

Mouse Tumor 180 plus boiled 

39 

11 

28 2 




extract slow C.T.I. 

Mouse Tumor ISO plus salt 

50 

12 

24 0 

0 2 

0 65 


solution 







salt solution. This use of double controls was done to detect a possible general 
elTect from the local injection of inhibitors. .‘\s there was no indication of such 
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action, the results of the control inoculations, whether in the test auimaU or in 
those receiving only control inoculations, are grouped together. In several ex- 
periments with materials which failed to show any inhibiting action in two tests 
the results of the 18 or 20 inoculations were considered sufficient. 

The results of two individual experiments are given in Text-figs. 1 
and 2. The first contrasts the action on Mouse Tumor 180 of a 
chicken tumor extract known to inhibit chicken tumors with one 


TABLE n 


Mouse Tumor 180 plus salt solution. 


Mouse Tumor 180 plus immune chicken 

muscle extract 

Mouse Tumor 180 plus salt solution 


Mouse Tumor 180 plus normal chicken serum. . 
Mouse Tumor 180 plus salt solution 


Mouse Tumor 180 plus immune chicken s 
Mouse Tumor 180 plus salt solution.. . . 


Mouse Tumor 180 plus normal rabbit serum 
Mouse Tumor 180 plus salt solution 


Mouse Tumor ISO plus immune rabbit serum. . 
Mouse Tumor 180 plus salt soluUon 


Number of 
inoculations 

Number 

negative 

Negati\*e 

19 

1 

cent 

5.3 

32 

4 

12.5 

9 

1 

11.1 

22 

1 

4.5 

29 

3 

10.3 

60 

4 

6.7 

19 

0 

0.0 

40 

1 

2.5 

20 

0 

0.0 

40 

1 

2.5 

20 

0 

0.0 

40 

1 

2.5 


data Irom all of tho'™ ‘‘ slow-gromng chicken tumor. The 

been brought togetheTSles’Sn" 

"■e have induded'tn S^ifof'fte'n ^ Md eontrols of each group, 
by appljdng the test JS L L (Table I) 

method tests the hidencndta Probabilities (4). This 

the two groups under"comparo!i 

P • P IS a measure on the scale of 0 to 
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fluid in one groin and in the other a control inoculation of the tumor with normal 
salt solution. The third group was inoculated in both groins with the tumor in 


TABLE I 


Experi- 

ment 

number 

Material inoculated 

Number 
of inocu- 
lations 

1 

Number 

negative 

Negative 

X- 

P 





Per cent 



1 

Mouse Tumor 180 plus e.xtract 

131 

102 

77.9 




slow C.T.I. 

Mouse Tumor 180 plus salt 

163 

21 

12.9 

126.0 

0.000,000 


solution 






2 

Mouse Tumor 180 plus e.xtract 

20 

2 

10.0 




rapid C.T.I. 

Mouse Tumor 180 plus salt 

60 

3 

5.0 

0.6 

0.4 


solution 






3 

Mouse Tumor 180 plus exudate 

18 

16 

88.9 




slow C.T.I. 

Mouse Tumor 180 plus salt 

54 

0 

0.0 

61.7 

0.000,000 


solution 



1 



4 

Mouse Tumor 180 plus exudate 

20 

0 

0,0 




rapid C.T.I. 

Mouse Tumor 180 plus salt 

60 

3 

5 0 

1.0 

0.3 


solution 






5 

Mouse Tumor 63 plus extract 

46 

10 

21.7 




slow C.T.I. 

Mouse Tumor 63 plus salt solu- 

87 

19 

21,8 

0,0 

1.0 


tion 






6 

Mouse Tumor 63 plus exudate 

17 

2 

11.8 




slow C.T.I. 

Mouse Tumor 63 plus salt 

38 

8 

21 1 

0 7 

0 4 


solution 






7 

Mouse Tumor 180 plus boiled 

.39 

11 

28 2 




extract slow C.T.I. 

Mouse Tumor 180 plus salt 

50 

12 

24 0 

0 2 

0 65 


solution 







salt solution. This use of double controls was done to detect a possible general 
etTcct from the local injection of inhibitors. .As there was no indication of such 
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action, the results of the control inoculations, whether in the test animals or in 
those receiving only control inoculations, are grouped together. In several ex- 
periments with materiak which failed to show any inhibiting action in two tests 
the results of the 18 or 20 inoculations were considered sufficient. 

The results of two individual experiments are given in Text-figs. 1 
and 2. The first contrasts the action on Mouse Tumor 180 of a 
chicken tmnor extract known to inhibit chicken tumors with one 


TABLE n 



Number of 
inoculations 

Number 

negative 

Negativ'c 

Mouse Tumor 180 plus extract normal muscle.. 

19 

1 

i>er cent 

5.3 

Mouse Tumor 180 plus salt solution 

32 

4 

12.5 

Mouse Tumor 180 plus immune cMcken 




muscle extract 

9 

1 

11.1 

Mouse Tumor 180 plus salt solution 

22 

1 

4.5 

Mouse Tumor 180 plus normal ciiicken serum. . 

29 

3 

10.3 

Mouse Tumor 180 plus salt solution 

60 

4 

6.7 

Mouse Tumor 180 plus immune chicken serum. 

19 

0 

0.0 

Mouse Tumor 180 plus salt solution. . . 

40 

1 

2.5 

Mouse Tumor 180 plus normal rabbit serum. . . 

20 

0 

0.0 

Mouse Tumor 180 plus salt solution . 

40 

1 

2.5 

Mouse Tumor 180 plus immune rabbit serum. 

20 

0 

0 0 

Mouse Tumor 180 plus salt solution 

40 

1 

2.5 


w 1 C ad no such effect. The second shows the inhi biting action of 
an ejrtract and an exudate from a slow-growing chicken tumor. The 
rom all of the experiments, based on over 1000 inoculations, have 
been brought together in Tables I and U. 

we hair figures for the tests and controls of each group, 

by annUri^n analysis of the principal experiments (Table I) 

methTd^este th probabilities (4). This 

S.C two mol proportionate differences between 

the t^o groups under comparison. P b a measure on the scale of 0 to 
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1 of the probability that the deviations from tlie theoretical frequencies 
may be reasonably supposed to be due to the errors of sampling. If P is 
below 0.02 we may consider that a real effect had been produced. It 
will be noted that Experiments 1 and 3 in Table I show an unquestion- 
able difference between the test and the control inoculations, which 
may be considered proof of an inhibiting action of the extracts and 
exudates of slow-growing tumors. In Experiments 2 and 4, where 
the extracts and exudates were obtained from rapidly growing cliicken 
tumors, no inhibiting action is indicated. In Experiment 5 the un- 
usual value of P = 1 was obtained, but undoubtedly the extract in 
this case had no effect on the Tumor 63. The destruction of the in- 
hibitor by boiling is shown by the results in Group 7. 

Table II lists a number of experiments based on smaller numbers, 
in which tests with extracts from muscle and with normal and immune 
sera gave negative results. 

In addition to the experiments included in the tables a few tests were 
made with extracts of desiccated brain and liver of normal chickens, 
which were found to be without effect on Mouse Tumor 180. Exten- 
sive tests with Mouse Tumor S/37 failed to show any influence on its 
growth after treatment with extracts known to inhibit chicken tumors 
and Mouse Tumor ISO. 

The number of tests is sufficiently large to leave little doubt tliat the 
extracts of certain relatively slow-growing cliicken tumors and the 
exudates from such tumors have a definite inhibiting action on a trans- 
plantable mouse sarcoma and are without effect on a mouse carcinoma. 
The number and variety of the controls very largely eliminate the 
possibility that the result is due to injury from some incidental enzyme 
or chemical. Perhaps the best indication of this is the failure of prod- 
ucts of the rapidly growing tumors to exert any effect. 

EJfccl of Products of Chicken Tumor X on Mouse Tumor 

Andrewes (5) has reported that the serum from chickens bearing 
either of two slow-growing fibrosarcomas for at least 5 months will 
neutralize the tumor agents of Chicken Tumor I and the tumor known 
as Mill Hill 2 . He considers this property in the nature of a virus anti- 
body, which would indicate a common or closely related ctiologic 
agent for these tumors. The preceding e.xperiments show that the anti- 
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bodies developed against the tumor agent either in chickens showing a 
certain amount of natural resistance or in rabbits activeh'^ immunized, 
■while capable of neutralizing the chicken tumor agent, are without effect 
on the mouse tumors. The possibility that the neutralizing property 
of the sera described by Andrewes represents the action of an inhibiting 
factor instead of an antibody has not been eliminated. The following 
experiments with Chicken Tumor X probablj' throw some light on the 
question, as the sera from fowls bearing this tumor were used by 
Andrewes in his e.xperiments referred to above. 


Effect of chicken tumor 10 extract 
on 

mouse tumor 180 


Right groin 

Left groin 

Chicken ttimor 10 extract 

Salt solution 

vith rrwuse tumor 180 

1 — 

vith mouse tumor ISO 

2 - 

• 

Z - 

• 

< - 

• 

6 - 

• 

6 

• 

T - 

• 

8 

• 

9 • 

• 

• 

# 

cOT. tumors 

90% turners 


Text-Fig. .S 

hxpcrimntt, — Chicken Tumor X has been used as the source of extracts. Thi.s 
tumor, a transplantable fibrosarcoma, derived from a spontaneous tumor, lia.s 
been under investigation in this laboratory for the last years. .\s a rule it pro\v.< 
very slowly, often requiring from 8 months to over a year to kill the animal. 
During this period it attains enormous size. .•\t times it has grown more rapidiv 
but even at these periods metastases have taken place with great rarity. It ic 
transmitted with difnculty by desiccates and only one doubtful result has been 
obtained with filtrates. 



490 


CAUSATIVE AGENT OF A CHICKEN TUMOR. 


VI 


The nictliods used were tlie same as those for the preceding group of e.xperiments 
I he ( es.ccates were prepared from tumors of about a year’s growth and the c.xtracts 
tested on Mouse I umor ISO. 1 lie results are presented in Table III and an indi- 
vidual e.xpenment in 'I'ext-fig. 3. 


_ It IS evident from the figures in 4 able III, based on five experiments 
m which 138 inoculations were made, that Chicken Tumor X yields 
an nilubitor for Mouse Tumor 180. The percentages of complete 
inhibition are not as striking as those with the inhibitor from Chicken 
4'umor I. It might have been expected that the inhibitor from the 
former tumor would be less potent, as it is associated with a tumor 
agent of relatively low grade activity. 


TABLE III 



Numher of 
exiicriments 

Kumber of 
inocul.itions 

N’umber 

ncK.itivc 

N’cg.itive 

Mouse 'Punior 180 plus o.xtracl of Chicken 

'I'limor X 

Mouse 'I'umor ISO jilus salt solution 

5 

5 

6'> 

00 

41 

4 

per cent 

59.5 

5.S 


DISCUSSION 

'rhe principal question suggested by the findings is whether the 
inhibiting action exerted by the e.xtracts of certain desiccated chicken 
tumors represents a definite, specific force or whether it represents an 
incidental result, devoid of importance. It is difficult to reconcile the 
lack of an inhibiting clement in extracts from rapidly growing tumors 
with the latter view. While as yet sufficient evidences not available 
for a final conclusion, there are certain facts which justify a tentative in- 
terpretation. Perhaps the most important of these is tliat the inhibitor 
from a chicken sarcoma acts on a mouse sarcoma and not on a mouse 
carcinoma; but this observation must be extended to a large variety of 
tumors before we can accept the reaction as specific. The absence of 
demonstrable elTect of the inhibitor on another mouse sarcoma (S i7) 
may be due to the uiiusual malignancy of this tumor, or there mav'be 
some question as to the nature of this growth which is supposed to be a 
sarcoma but had its origin in the stroma of a carcinoma. 

If the inhibitor is a definite factor its possible relationship to anti- 


u 


L 
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bodies must be considered. The fact that antibodies developed 
against the chicken tumor have no effect on the mouse sarcoma while 
inhibitor derived from the tumor does retard these growths, suggests a 
difference. Andrewes (5) has expressed some doubt that a substance 
identical with the serum antibody is responsible for the inhibition of the 
growth of manunalian tumors on the ground that the antibodies seem 
to act against the filtrate, not against the cells. This point in our 
opinion requires closer scrutiny, for the inhibitor has but a doubtful 
effect on the chicken tmnor cells and yet does act on mouse tumor cells. 
We know from the present findings that one of the tumors used in 
Andrewes’ experiments yields an inhibitor for mouse tumors as well as 
for chicken tumors, and it seems not inconceivable that the sera of 
fowls bearing the txunor would also contain the inhibiting factor. 

It may be suggested tentatively that the property of extracts from 
certain relatively slow-growing strains of Chicken Tumor I, and 
Chicken Tumor X, by virtue of which the chicken tumor agents are 
neutralized and the growi;h of mouse sarcoma cells is inhibited, repre- 
sents a definite factor distinct from the usual type of antibody. 

SUIDIARY 

Water extracts of desiccates of certain relatively slow-growing 
strains of Chicken Tumors I and X, or the exudates from such tumors, 
definitely inhibited the growth of a mouse sarcoma (Crocker 180), and 
were without effect on a mouse carcinoma (Bashford 63) or Mouse 
Tumor S/37, a rapidly growing sarcoma derived from the stroma of a 
carcinoma. Extensive control tests with extracts from rapidly grow- 
ing chicken tumors, and from tissues of normal and immune chickens 
showed no inhibiting action. There was no demonstrable action on 
the mouse tiunors of sera from immunized rabbits, which neutralize 
the clricken tumor agent, nor of the sera from chickens highly immune 
to the chicken tumors. 
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ACTIVE IMMUNIZATION AGAINST POLIOMYELITIS* 


By MAURICE BRODIE, M.D. 

{From the Department of Bacteriology, McGill University, Montreal, Canada) 
(Received for publication, June 23, 1932) 

In a previous publication (1), it was shown that for each gram of 
active cord virus, given intracutaneotisly as an emulsion, 6 cc. of 
human convalescent senun, injected subcutaneously, was required to 
protect an animal from paralysis and that some degree of active immu- 
nity followed its use. Immunity, impreceded by symptoms of the 
disease, was obtained when the serum was given either at the time of 
the virus administration, or 3 days prior to it, or 3 days subsequently. 
However, when virus inoculation followed senun administration, it 
was probably less effective than when it was given simultaneously with, 
or before, the injection of serum. Monkeys which received virus at 
the same time as serum, or before it, produced sufficient immunity 
for 0.95 cc. of their serum to neutralize 0.05 cc. of 5 per cent cord 
emulsion, containing more than five completely paralyzing doses of 
virus. Experiments will be described in this paper which were de- 
signed to investigate the production of active immvmity by mixtures 
of virus-containing monkey cord and serum from human convalescents, 
with or without incubation at 37°C., and of cord without serum. The 
degree of immunity developed is expressed as the number of completely 
paralyzing doses of virus neutralized by 0.9 cc. of the serum of the 
treated animals. 


Technique 

The technique employed was the same as that described in a pre- 
\ious paper (1). Unless othenUsc stated, active cord virus, FI mixed, 
glyccrinated 3 to 8 weeks, and recently collected human convalescent 
serum, were used. 

* This research was made possible through a grant received from the Trustees 
of the Banting Research Foundation, Toronto. 
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EXPERIMENTAL 

Experiment 1 . — ^Each of three animals received mixtures of virus and seruu 
incubated for 2 hours, intracutaneouslj', Nos. 1-31 and 1-66 receiving 1.5 gm. < 
cord and 6 cc. of serum while No. 1-65 received 1.5 gm. of cord and 4.5 cc. ( 
serum. Two other animals, Nos. 1-60 and 1-64, received 9 cc. of serum subcutan( 
ously, followed in 3 days b}^ 1.5 gm. of cord, intracutaneously. Monke.ys 1-4 
and 1-53 received the virus intracutaneously and the serum subcutaneousl}’- s 
the same time; the former was given 1.2 gm. of cord and 7.5 cc. of serum and tl: 
latter 1.5 gm. of cord and 9 cc. of serum. Lastly, Monke3's 1-61 and 1-63 receive 
the virus, followed in 3 daj's bj"- the serum, the former receiving 1.5 gm. of cor 
and 9 cc. of serum, the latter 1.3 gm. of cord and 7.5 cc. of serum. None of th 
animals developed any sj’mptoms of poliom^^elitis, but three died of intercurrer 
infection. 2 to 3 months later 0.98 cc. of serum from each animal w'as tested fo 
protective properties against 0.02 cc. (in Test 1) and against 0.05 cc. (in Test 2 
of a 5 per cent emulsion. As the minimal completely paralyzing dose of the viru 
was 0.01 cc. of 5 per cent emulsion of cord, the tests were made witli 2 and 
minimal completely paralyzing (m.c.p.) doses respectively. One control receivei 
incubated mixtures of virus and the serum from hlonlce}'- 1-63, which had bea 
given 9 cc. of serum at the time the other animals were inoculated, this being th 
maximiun amount received by the treated animals. A second control receivec 
virus and the serum of Monkej' 1-48, which had been inoculated with 2 gm. of con 
removed from an animal that had been paralyzed 35 daj's, and whose cord wai 
found, on intracerebral inoculation, to have no infective power. 

The course of immunization and the results of the neutralization tests are showi 
in Table I. 

The serum of one animal (No. 1-64), whicli received serum followec 
by virus, failed to neutralize, while the serums of the remaining five 
neutralized 0.02 cc. or 2 m.c.p. doses of virus. Of tliese five, three 
serums failed to neutralize while the serum of one monkey (No. 1-63) 
neutralized 0.05 cc. of cord containing 5 m.c.p. doses of virus. The 
fiftli serum (No, 1-53) either completely, or almost completely, neu- 
tralized 5 M.c.p. doses of virus, for it did not prevent the development 
of sjmiptoms suggestive, but not diagnostic of poliomyelitis. The 
animal developed irritability, ruflling of the hair and general weakness 
24 days later. On the 25th day, altliough the hind legs appeared 
weaker than the fore limbs, the cerebrospinal fluid was normal. These 
manifestations cleared up in 3 to 4 days, and were not diagnostic of 
poliomyelitis inasmucli as the cerebrospinal fluid was normal and the 
animal had diarrhea a few days later. 

As proven in a previous communication (1), virus following serum 
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administration is less effective than when virus and serum are given 
simultaneously, or when virus is given before serum. Although Nos. 
1-61 and 1-63 were treated in the same manner and although No. 
1-61 received more virus than No. 1-63, yet it developed a poorer 
inununological response to the virus, which suggests that some ani- 
mals respond to antibody formation better than others. 

The antibody is evidently a specific response to the virus, for the 
control animal (No. 1-48) which received 2 gm. of cord tissue, in which 
no virus was demonstrable, failed to produce any antibody. 

Only one and possibly two out of six animals neutralized 0.05 cc. 
of 5 per cent cord emulsion containing 5 m.c.p. doses of virus. In other 
experiments (1), better immunological responses were obtained with 
smaller quantities of cord and serum, for two out of three monkeys 
neutralized 0.05 cc. of 5 per cent emulsion, containing more than 
5 M.c.p. doses of virus, while the third gave partial neutralization. 

The smaller antibody response in these experiments may have been 
due to a decrease in the activity of the antigen, resulting from a loss 
of infectivity or to more complete neutralization by the use of a 
stronger serum. On the other hand, as already pointed out, animals 
may vary in their immunological responses and so the animals used in 
Experiment 1, owing to a high incidence of intercurrent infection, may 
not have responded to the antigen as well as those monkeys used in 
the previously reported experiments (1). In subsequent experiments 
information was sought for the elucidation of these possibilities. 

Expcrimetil Z . — ^The strength of the serum used in the previously reported 
experiments, and that being used in the present experiment, were compared by 
determining the smallest amount of each, which would neutralize SO m.c.p. doses of 
virus. The virus, which was titrated at the beginning and at the end of the e.xperi- 
ment, maintained its potency. 

The results are given in Table II, 

It is evident then that the serum used in Experiment 1 had less 
neutralizing power than the serum used in the previously reported 
e.xperiments (1), and so the serum was not responsible for reducing the 
strengtli of the antigen. 

Experiment 3 . — 1 gm. and less of the cord used for the previously reported 
experiments (1) produced infection w’hcn administered intracutaneously. In order 
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to determine if the cord being used for the present experiments had equal infec- 
tivity, each of five animals received 1 gm. of cord. Four different lots of cord, 
either as single or pooled specimens, were used. A sixth animal received 1.2, a 
seventh 1.5 and an eighth 2 gm. of cord. 

The results are given in Table III. 

At least 2 gm. of cord intracutaneously were necessary to produce 
infection. Less than this amount failed to infect small young animals 
as well as older and larger animals. The different cord specimens 


TABLE HI 


Monkey 

No. 

Cord No. 

Variations in stage and type of disease 

Cord 

amount 

Result 

1-93 

17, 115, 117, 179, 

Average incubation period 7.8 days 

fm. 

1 

No paralysis 

2-00 

186, 191 

17, 115, 117, 179, 

Autopsied immediately after com- 

i 

1 

(( it 

2-09 

186, 191 

177, 191,199, 204, 

plete paralysis 

Average incubation period 5.9 days 

1 

(( a 

2-23 

206 

218 

Infected with 80 u.c.p. doses of 

1 

it a 

2-30 

218 

virus. Long period from onset 
of paralysis to prostration 
Autopsied immediately after com- 

1 

it it 

2-12 

188 

plete paralysis 

14 hrs. between complete paraly- 

1.2 

({ « 

2-51 

218 

sis and autopsy. Infected with 

1 M.c.p. dose of virus 

! 

1.5 

C( t< 

2-60 

191,199,204, 206 

Short interval from onset of paral- 

2 

Paralysis, 5 



ysis to prostration 


days 


were obtained from animals in which tlie course of the disease varied 
and from the results obtained it appears that no influence is exerted 
(1) by long and short incubation periods, (2) by long and short inter- 
vals between the onset of paralysis and complete paralysis, (3) by 1 
to 14 hours inter\'al between complete paralysis and autopsy, (4) by 
the animals furnishing the cord specimens receiving 1 or 80 infective 
doses of virus. [Moreover, specimens which had been glycerinated as 
little as 4 and 19 days respectively, were used, whereas in the earlier 
experiments the virus had been glycerinated 6 to 16 weeks. 
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It is obvious then, that at the time of the present experiments, the 
cord was less infective than that which was used the 3'ear previously. 
Therefore, it is quite possible that the inmumological response is a 
function of cord infectivity and that the weaker cord produced less 
immunity than the stronger, when used in the same manner. 

Experimenl 4 . — ^The minimal completely paralyzing intracerebral dose of three 
of these cord specimens (two pooled cords and one single specimen) was deter- 


TABLE IV 


Pool 1 

Pool 2 

Cord specimens 17, 115, 177, 179, Ifi6, 191 

Time of glycerination 1-16 mos- 

Cords 191, 199, 204, 206 

Time of glycerination 2-4 xnos. 

Monkey 

Ko. 

Cord 
in 5% 
emulsion 

Result 

Monkey 

Xo. 

Cord 
in 5% 
emulflon 

1 

Result 


cc. 



cc. 


2-11 

0.00250 

No paralysis 

2-32 

0.000625 

No paralysis 

‘l-<58 

0.0050 

Paralysis, 11 days, left 

2-33 

0.00125 

Paralysb, 23 days 



leg 




2-04 1 

0.01 

Paralysis, 5 days 

2-34 

0.00250 

« 10 “ 

2-03 

0.01 

« g *f 

2-35 


i( J it 

1-99 

0.02 

“ 6 " 


i 


Cord 218 

Time of glycerination 2 mos. 

Pool 2 repeated 

2-01 

0.000025 

No paralysis 

2-94 

0.00625 

No paralysis 

2-02 

0.00125 

(( it 

•2-93 

0.00125 

Paresis right arm 

2-03 

0.0025 

Paralysis, 6 days 

2-96 

0.00250 

Paralysis, 6 days 


* Paralysis did not e.^tend. 


mined by finding the minimal quantity'. of each, which would cause a complete 
paralysis within 24 hours after an inoculation period of less than 13 days in mon- 
keys weighing 2.5 to 4 kilos. 

1 he results arc shown in Table I\', where it will be seen that the cord 
virus of Pool 1, containing specimens which had been glycerinatcd a 
considerable lime (up to 16 months), produced infection with 0.005 
cc., but the minimal completely paralyzing dose was 0.01 cc., and 
that the m.c.p. dose of Pool 2 and Virus 218 was 0.0025 cc. of a 5 per 
cent emulsion. Nevertheless, these specimens would not infect in a 
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dose of 1 gm. of cord intradermally and when accompanied by 6 cc. of 
convalescent serum gave a poor immunity response. The results of 
the published experiments (1) have shown that 1 gm. of cord and 6 cc. 
of serum, in various combinations, produce considerable immunity if 
the virus in the cord is of such a strength that 1 gm. or less infects, 
when administered intracutaneously. 

Experiment 5. — In order to determine tlie immunological response to a gram of 
cord of known strength, Monke}"s 2-09 and 2-30 each received intracutaneously a 
gram of Cords 2 and 3 respectively, approximately 8000 m.c.p. doses of virus. 
Likewise No. 1-93 received a gram of pooled cord Virus 1, approximately 2000 
M.c.p. doses of virus. At the same time Monkey 1-75 was given 1 gm. of cord and 
6 cc. of serum and No. 1-97 1 gm. of cord and 7 cc. of serum, the cord being given 
intracutaneously and the serum subcutaneously. 

The course of immunization and the results of the neutralization test are shown 
in Tables V, a, and V, h. 


TABLE V, a 


Monkey 

No. 

Immunization 

Serum 

Neutralization Test 1 

Cord 

amount 

M.c.p. 

dose 

virus 

Scrum from 
Monkey No. 

Cord 1 
inS% 
emul- 
sion 

Serum 

Result 


gm. 




cc. 

CC. 


2-09 

1 

0.0025 

0 

2-09 

0.01 

0.9 

No parab'sis 

2-30 

1 


0 

2-30 

0.01 

0.9 

« 

1-93 

1 

0,01 

0 

1-93 

0.01 

0.9 

(c a 

1-97 

1 

0.01 

7 





1-75 

1 

0.01 

6 

1-75 

0.01 

0.9 

Parab’sis, 12 days 





Convalescent 

0.1 

0.9 

No paralysis 





I monkey 


1 

1 



Controls 


Monkey No. 

Cord amount of 5% emulsion 

Result 

2-40 

cc» 

0.000625 

No paralysis 

2-51 

0.00125 

1 a a 

2-52 

0.00250 

Paralysis, 7 days 
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General Findings 

In neutralization Test 1, the serums of all except No, 1-97 were tested 
against 0.01 cc. of 5 per cent cord, containing 4 m.c.p. doses of virus. 
At the same time 0.9 cc. of monkey convalescent serum was tested 
against 0.1 cc. of 40 m.c.p. doses of virus. The serum of all three ani- 
mals which received 1 gm. of cord, alone, neutralized 4 m.c.p. doses of 
virus, while the serum of No. 1-75, which received 6 cc. of serum along 
with the gram of cord, failed to do so. The monkey convalescent 
serum neutralized 40 m.c.p. doses of virus. 

Tests 2, 3 and 4 were carried out with a cord whose m.c.p. dose is 
0.000625 cc. of 5 per cent emulsion. In Test 2 the serums of Nos. 1-97 
and 1-75, which received virus and serum, were tested against 0.00250 
cc. of 5 per cent cord emulsion, containing 4 m.c.p, doses, while Nos. 
2-09, 2-30 and 1-93 were tested with 0.01 cc. or 16 m.c.p. doses. In 
Test 3, Nos. 2-09, 2-30 and 1-93 were tested against 0.02 cc. or 32 
M.c.p. doses of virus, while in Test 4, No. 2-09 was again tested against 
0.02 cc., while Nos. 1-93 and 2-30 were tested against 0.03 cc. or 
48 M.c.p, doses of virus. The monkey convalescent serum, which 
neutralized 40 m.c.p. doses of virus in Test 1, was tested against 0.05 
cc. or 80 M.c.p. doses of virus in Test 4. 

In Test 2, the serum of No. 1-75, which received 1 gm. of cord and 
6 cc. of serum, again failed to neutralize 4 m.c.p. doses of virus and, 
likewise, tlie serum of No. 1-97, which received 1 gm. of cord and 7 cc. 
of serum, failed to neutralize the same quantity of virus. The 
serums of Nos. 2-09, 2-30 and 1-93, each of which received a gram of 
cord vithout serum, neutralized 16 m.c.p. doses of virus. 

In Test 3, the serum of No. 2-09 failed to neutralize, while the serums 
of Nos. 2-30 and 1-93 neutralized 32 m.c.p. doses of virus. 

In Test 4, tlie serum of No. 209 again failed to neutralize 32 m.c.p. 
doses of \4rus. The serum of No. 1-93 failed to neutralize 48 m.c.p. 
doses, while that of No. 2-30, in all probability, almost neutralized 48 
M.c.p. doses, inasmuch as paralysis took place after a prolonged incu- 
bation period (17 days) . Tlie specimen of convalescent monkey serum, 
which, in Test 1, neutralized 40 m.c.p. doses of virus, failed to neutral- 
ize 0.05 cc. of cord, containing 80 m.c.p. doses of virus. 

The fact that the serum of No. 2-09 neutralized 0.01 cc. and on two 
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occasions failed to neutralize 0.02 cc. of the same emulsion, points to 
the accuracy of the neutralization test. 

Monkey 2-09 failed to show as much antibody response as No. 2-30, 
although they both received the same treatment, (1 gm. intracutane- 
ously of a cord whose m.c.p. dose was 0.0025 cc. of a 5 per cent emul- 
sion), indicating, as had already been pointed out in Experiment 1, 
that animals may vary in their immimological responses. 

It is of interest to note that the serum of Monkey 2-30, which re- 
ceived approximately one-half a skin-infective dose, showed nearly 
as much immunity as a convalescent monkey. The serum of the 
convalescent monkey neutralized 40 to 80 ir.c.p. doses and that of 
Monkey 2-30 neutralized 32 to 48 m.c.p. doses. 


TABLE VI 


Monkey No. 

JCCJ". dose 

Course of immuiuzation 

NeutralinatioQ m 
M.CJ*. do&es of virus 

Cord 

! Serum 


■Mi 

gm. 



2-09 


1 

— 

16 

2-30 


1 

— 

32-4S 

1-93 

0.01 i 

1 

— 

32 

1-97 

0.01 

1 

7 

Less than 4 

1-75 

Monkey convales- 
cent serum 

0.01 

1 i 

6 

it it ^ 

40-S0 


These results confirm those of Experiment 1, in showing that the 
cord in use during these experiments failed to produce much immuno- 
logical response w'hen used in the proportions of 1 gm. of cord and 6 
cc. of serum. The cord without the serum, however, produced con- 
siderable immimity. Table VI summarizes the immunological 
responses to a gram of two specimens of cord, of which the m.c.p. 
doses were 0.0025 cc. and O.OI cc. of a 5 per cent emulsion, respectively. 
The neutralizing power of the serums of these animals is compared 
with that of convalescent scrum. 

DISCCSSION 

The work described in this paper indicates that an appredable 
acti%'e immunity can be produced with the %irus of poliomyelitis in 
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either of two ways: either by intradermal inoculation with a sub- 
infective dose of the virus, when it was found that one-half a skin- 
infective dose conferred immunity; or by various combinations of virus 
and human convalescent serum, when it was found that one skin-infec- 
tive dose given intracutaneously, accompanied by a subcutaneous 
dose of convalescent serum (in the proportions of 0.03 cc. to 80 m.c,p. 
doses of virus, which proved just sufficient to protect against intra- 
cerebral infection) also conferred immunity. The administration by 
the skin route of the incubated \nrus-serum mixture, in the same pro- 
portions as is innocuous intracerebrally, gave a small degree of im- 
munity. This suggests that the neutralization is incomplete in these 
proportions; that is to say, some amount of \nrus remains which is 
not discernible by intracerebral inoculation in the amounts used, 
but when 200 times the quantity is inoculated intracutaneously, suffi- 
cient virus remains to immunize. The observation that the adminis- 
tration of the serum 3 days previous to the virus prevented immuniza- 
tion and that half a skin-infective dose of virus intracutaneously wth 
one and one-half times the calculated necessary amount of sermn sub- 
cutaneously, at the same time, or 3 days later lhan tlie virus, produced 
an appreciable immunity, though of lesser degree, indicates that the 
different routes of administration of serum and virus in different sites 
pla)’' a part in the result obtained. This procedure necessarily pre- 
vents the complete action of the serum on tlie virus and allows of the 
escape of some virus to immunize the animal. This view is sup- 
ported by the observation that a subcutaneous dose of one and a half 
times the amount of serum necessary, allowed the development of 
measurable though slight immunity. The serum used in this experi- 
ment was three-quarters the strength of the other serum used (1) but 
the proportions were determined bj’- intracerebral protection tests. 

It appears then, to immunize effectively ^\’ith serum-virus mixtures, 
only just sufficient serum should be used to protect the animal against 
paralysis. 

The knowm variation in tlie infectivity of different cord specimens 
and the knovm variation in the protective power of individual (2-6), or 
of pools of convalescent serum (7), requires the titration of each to 
arrive at a suitably adjusted mixture for immunization. 

Since monkey convalescent serum is very much weaker than human 
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convalescent serum, the detection of immunity in monkeys is liable to 
be missed unless small amounts of virus are used for test purposes. 
In the work reported here, it was necessary to use as little as 2 m.c.p. 
doses of virus (0.00125 cc. of 5 per cent cord suspension) and in strong 
immunity 32 ii.c.p. doses of virus (0.02 cc. of 5 per cent cord suspen- 
sion) was as much as was neutralized by 0.9 cc. of monkey serum . 
With hmnan serum, on the average, 80 m.c.p. doses of virus (0.1 cc. 
of 5 per cent cord suspension) are neutralized by 0.04 cc. of serum (7). 

It is possible that other workers (8, 9, and others) have failed to detect 
immunity in monkeys by requiring the neutralization of too large a 
dose of virus, expecting something comparable to the human conditions. 

CONCLUSIONS 

1. A single intracutaneous inoculation with a subinfective dose of 
the virus of poliomyelitis produces considerable imm unity. 

2. Virus-serum combinations produce an appreciable immunity, 
providing just sufficient serum is used to protect the animal from 
paralysis. If there is an excess of serum, the degree of immimity is ■ 
considerably reduced. 

I wish to thank Professor E. G. D. Murray for his advice and sug- 
gestions throughout the course of this work. 
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A COMPARISON BETWEEN CONVALESCENT SERUM AND 
NON-CONVALESCENT SERUM IN POLIOMYELITIS* 


By MAURICE BRODIE, M.D, 

{From the Department of Bacteriology, McGill University, Montreal, Canada) 
(Received for publication, June 23, 1932) 

The work of Anderson and Frost (1), Peabody, Draper and Dochez 
(2), Leake (3), Aycock and Kramer (4) and others has shown that the 
serum of so called normal individuals, who have had no clinical history 
of poliomyelitis, may neutralize the virus of poliomj’-elitis. Aycock 
and Kramer (4), Schultz and Gebhardt (5), found this specific neutral- 
izing power in the serum of most urban adults. 

On the grounds that the majority of urban adults are thought to be 
immune to poliomyelitis, tests had been made for the presence of 
neutralizing substances in the sera of twenty-nine adults, thirteen of 
whom had a history of contact with cases of poliomyelitis and all of 
whom denied a history of clinical symptoms. At the same time, the 
potency of the serums was compared ■with that of pooled convalescent 
serums. 

Anderson and Frost (1) were the first to demonstrate neutralizing substance for 
the wrus of poliomyelitis in the serums of non-con\’alescent adults and Peabody, 
Draper and Dochez (2), in their studies, found four out of six serums, obtained 
from individuals with no clinical history of the disease, neutralized the virus. 
Later Leake (3) made similar observations, but the first extensive study in this 
direction was undertaken by Aycock and Kramer (4) who, in their series of urban 
residents, found 69.6 per cent with neutralizing substance and that the serums of 
87.5 per cent of the adults of this group neutralized the wrus. Likenise, Schultz 
and Gebhardt (5) showed that, of thirteen so called normal adult serums, 69.1 per 
cent neutralized the virus of poliomyelitis. Others (6-9) have also demonstrated 
specific neutralizing substances for the \'irus of poliomyelitis in the blood serum 
of non-convalescent adults. 

Although the neutralizing power of these non-convalescent serums has not been 

* 1 his research was made possible through a grant received from the Trustees 
of the B.anting Research Foundation, Toronto, Canada. 
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compared TOth batches of convalescent serum, Shaughnessy, Harmon and Gordon 
(7) claim that the neutralizing power of serums from normal individuals may equal, 
or exceed, that of individual convalescent serum. On the other hand, Weyer, 
Park and Banzhaf (8) did not find anj^ of six adult serums to equal the neutralizing 
power of either of two individual convalescent serums. 

Technique 

Cord virus which had been gl 3 ’-cerinated 2 to 4 months was used. In order to 
obtain a fairly even distribution of virus, six or seven segments of each cord speci- 
men were used. 

The neutralization test was carried out as follows: 1 cc. of a 5 per cent cord 
emulsion and 1 cc. of serum were incubated 2 hours (with frequent agitation) and 
then, after a second period of 8 hours on ice, the mixture was diluted to 5 cc., 1 
cc. of which was injected into the frontal lobe of a monkey. In the first test, 1 cc. 
of undiluted serum was added to 1 cc. of virus, but in the succeeding tests, 1 cc. of 
serum, diluted 1 :2, 1 :3, 1 :4 and so forth, was added. 

EXPERIMENTAL 

The average level of neutralizing power of convalescent serum was 
determined by finding the smallest quantity of each of four batches of 
serum which would neutralize 80 minimal completly paralyzing 
(m.c.p.) doses of virus and then dividing the sum of these amounts by 
four. For the purposes of this work, the m.c.p. dose is limited to the 
smallest quantity of virus-containing tissue that will cause a complete 
and rapid paralysis in monkeys weighing 2.5 to 4 kilos, within 13 
days. In m)’- experience, less than a completely paralyzing dose either 
failed to produce symptoms, or at most produced paralysis after a pro- 
longed incubation period. More than a completely paralyzing dose 
invariably produced severe paralysis. The constancy of these results 
leads me to believe that monkeys do not vary greatly in their individual 
susceptibility to the disease. 

Experiment 1 . — ^The separate cords of three monkej's and a pool of cords from 
four monkeys, all removed at the height of paralysis and preserved in glj’-cerine 2 
to 4 months, were titrated in order to determine their m.c.p. dose (Table I). 
Each gave approximately the same m.c.p. dose, which seems to indicate a remarka- 
ble constancj', for cord infected with this virus at least, at that stage of the disease. 
After a further period of 2^ months, the pooled specimen did not show an}’- change 
in its infcctivity. 

Experiment 2 . — To determine the average neutralizing power of convalescent 
serum, the virus used to test the convalescent serums was a pooled specimen of 
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six segments from each of four separate cords and on the above evidence constant 
results were expected. The virus emulsion, made up from cord tissue of each of 
these twentj'-four segments, was titrated at the beginning and at the completion 
of the experiments and showed no appreciable change in its strength. 

Each batch of pooled convalescent serum represented that of twelve to twenty- 
eight donors, who had had the disease at least 2 years previously. The results are 
given in Table 11. 


TABLE I 


Tilralion of Four Specimens of Cord 


(1) Glj’cerinated Mar- IS, 1931 

Titration July 15, 1931 

Incubation period-^ days 

Pooled specimen 

(4) Glyccrinated June and July, 1931 

Titration Sept. 1, 1931 

Incubation penod — 5-7 days 

Monkey 

Ko. 

Cord 

Result 

Monkey 

No. 

Cord 

Result 





mg. 


1 

0.0625 

No paralysis 

1 

0.03125 

No paralysis 

2 


Paralysis, 13 days 

■ 2 

0.0625 

Paralj^is, 23 days, slow 

3 

mm 

it g it 



course 

4 

tOB 

a •j a 

3 

0.125 

Paralysis, 10 days 

5 

1.0 

it y it 

4 


<4 y c( 


(2) Glycerinated July 29, 1931 





TilraUon Sept. 18, 1931 


(4) 2i mos. later 


Incubation period— 13 days 




1 

0.03125 

1 

No paralysis 

1 

0.03125 

No paralysis 

2 

0.0625 

it it 

2 

0.0625 

Paresis right arm 

3 

0.125 

Paralysis, 7 days 

3 

0.125 

Paralj-sis, 6 da>’s 


(3) Glyccrinated Aug. 7. 1931 





Titrated Oct. 13, 1931 





Incubation period— 7 daj-s 




1 

0.03125 

No paralysis 




2 

0.0625 

14 44 




3 

0.125 

Paralj-sis, 7 daj-s 





Averaging the titrated neutralizing power of these four specimens of 
pooled convalescent serum, representing over a himdred donors a 
mean of 0.0-1 cc. neutralizing SO m.c.p. doses of virus is obtained. 
The batches of serum varied considerably in strength, for the weakest 
showed only 58 per cent of the neutralizing power of the strongest and 
the remaining two approximated to the arithmetical average figure. 
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Experimeni 3. The Titration of Normal Adult Serums— Th^ adult serums were 
tested by the technique used in titrating convalescent serum. A similar quantity 
of the same pooled virus was used and the tests were carried out at the same time, 
so that, when neutralizing substances were demonstrated, the titre could be 
compared with that of the convalescent serums. Of the twenty-nine adults 
tested, fourteen had a history of known contact with cases of poliomyelitis, but, 
in view of the recent work of Kramer and Aycock (10), as one was exposed but 2 
weeks prior to the tests, he was listed as a non-contact. 

In addition to titrating the virus at the beginning of the experiment and at the 
time of the last completed set of neutralization tests, an additional control monkej' 
received a mixtmre of swine serum and virus, in order to show that the serum of an 
animal, said to be refractory to the virus of poliomyelitis (11), did not contain 
specific neutralizing substances. The results are given in Table HI. 

In the first test twenty-two or 76 per cent neutralized the virus, so 
that, if the protective power is expressed in terms of the average 
protective power of convalescent serum, seven contained less than 
two-fifths the neutralizing power of the average for the four convales- 
cent serums. It is possible that in two cases, (Nos. 2 and 19), the 
virus was partially neutralized by the serums, for the disease ran a 
much slower course than usual, after incubation periods of 12 and 13 
days, respectively. 

In the second test nineteen or 65 per cent neutralized, so that three 
were below three-fifths strength, but equal to two-fifths the strength 
of convalescent serum. In the third test, two failed to neutralize, 
and so contained less than four-fifths but equalled three-fifths the 
strength of convalescent serum, so that seventeen had at least four- 
fifths the protective power of the average for the four pooled convales- 
cent serums. Of these seventeen, six out of the ten which were tested, 
equalled the neutralizing power of convalescent seium. 

The pooled serum of non-contacts had at least tw^o-fifths but less 
than three-fifths the average neutralizing power of convalescent 
serum and the pooled serum of contacts had at least three-fifths but 
less than four-fifths the average neutralizing power of convalescent 
serum. 

Experiment 4.— The seven serums which had not been worked out in Experi 
ment 3, which had at least four-fifths the neutralizing power of convalescent 
scrum, were tested to determine whether or not thev equaUed the neutralizing 
power of convalescent serum. In addition, six of the normal scrums which at 
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TABLE IV 


Blood 

donor 

No. 

Age 

History of 
contact 

Cord 

emul- 

sion 

Test 4 

Tests 

Se- 

rum 

Result 

Se- 

rum 

Result 


yri. 


tRS. 



cc. 


10 

21 

None 

2.5 


Paralysis, 5 days 



11 

23 

tt 

2.5 

0.04 

» 12 “ 



12 

23 

« 

2.5 

0.04 

No paralysis 



13 

26 

it 

2.5 

0.04 

it it 


Paralysis, 8 days 

•14 

19 

u 

Neutralized in last e.xperiment 


“ 11 “ 

IS 

21 

« 


u 

it a u 

0.033 

No parah'sis 

23 

35 

6-8 wks. 

2.5 

0.04 

Paralysis, 10 days 



24 

24 

2 mos. and 

2.5 

0.04 

“ 6 “ 





previously 






25 

30 

2-3 mos. 

2.5 

0.04 

No paralysis 



27 

28 

3 mos. and 

Neutralized in last experiment 

0.033 

Paralysis, 11 days 



previously 






28 

31 

Experimental 


a 

a it It 

0.033 

" 15 “ 



disease 






29 

35 

U « 


u 

it it it 

0.033 

No paralj’sis 

Convalescent Pool 5 

2.5 

0.04 

Neutralized 

0.033 

Paralysis, 30 days 


Controls 


Monkey 

No. 

Cord 

emulsion 

Result 

Monkey 

No. 

Cord 

emulsion 

Result 


■1 



m- 


3-05 

WBm 

Paralysis, 6 days 

3-OS 

0.015625 

Paralysis, 23 days 

3-04 

119 

“ 6 “ 

3-07 

0.03125 

“ 6 “ 

3-02 


a y it 

2-83 

0.0625 

“ 6 “ 


mm 


2-62 

0.125 

“ 6 “ 


m 


2-65 

0.125 

» 5 “ 


2.5 mg. of cord = 80 m.c.p. doses. 


least equalled the average potency of the convalescent serums were selected and 
tested further. As an additional comparison, a fifth sample of pooled convalescent 
scrum was included in the experiment. 

The virus used in this experiment had four times the infectivity of that used in 
the previous experiment, the si.c.n. dose being 0.03125 mg., so that 80 m.c.p. 
doses were represented in 2.5 mg. of cord. The results are shown in Table IV. 

Convalescent serum, Pool 5, containing the serums of twenty donors, 
had the same neutralizing power as the average of Ute other four 
pools. 
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Of the seven serums, which showed in the last test at least four- 
fifths the neutralizing power of convalescent serum, only three equalled 
the neutralizing power of convalescent sermn. Combining the results 
of Experiments 3 and 4, nine out of the twenty-nine serums tested at 
least equalled the neutralizing power of convalescent serum. Of the 
six of these tested further (Test 5), two showed higher neutralizing 
power than the average of the convalescent serums. 

The results may be expressed as follows: 

Potencies of 7 serums were below 2/5 the average of the convalescent serums 



3 “ equalled 2/5 “ 

ti 

tt it 

(( 

tt 


2 “ “ 3/5 “ 

it 

tt tt 

tt 

tt 


8 “ “ 4/5 “ 

u 

tt tt 

tt 

ft 


9 " at least equalled “ 

tt 

tt If 

tt 

tt 


Summary 





In 7 cases 0.1 cc. of serum failed to neutralize 80 xr.c.p. doses of 

virus 

“ 3 

a Q Qj ft it tc a it 

it 

O 

oo 

tt tt 

it 

“ 2 

0.05 “ “ “ " “ 

it 

80 “ 

it ti 

tt 

“ 8 

it Q <i it it it ti 

tt 

80 “ 

tt tt 

tt 

« 9 

“ 0,04 “ “ “ neutralized 


80 “ 

ft it 

tt 


Two out of six of these nine showed higher neutralizmg power smce 0.033 cc. of 
serum neutralized 80 u.c.p. doses of virus and five pooled convalescent serums gave 
an average figure of 0.04 cc. of serum neutralizing 80 si.c.p. doses of wrus. 

DISCUSSION 

Of twenty-nine serums, the largest series of non-convalescent urban 
adults tested for antibody, twenty-two or 76 per cent showed definite 
protective power against poliomyelitis \nrus. Two other serums ap- 
peared to give partial neutralization, since in the animals recei\dng 
these serums the disease ran a much slower course after incubation 
periods of 12 and 13 days, respectively; therefore, in this series, the 
incidence of specific neutralizing substances against the virus of 
poliomj'elitis, is appro.ximately 80 per cent, which agrees with the 
figures obtained by Aj'cock and Kramer (4). 

Out of 16 non-contacts tested, 12 had at least two-fifths, 10 had at 
least thrce-fiftlis, 8 had at least four-fifths and 4 had at least equal the 
average of the neutralizing power of the convalescent scrums. Of 
the 13 contacts tested, 10 bad at least two-fifths, 9 had at least three- 
fifths, 9 had at least four-fifths and 5 had at least equal the neutralizing 
power of convalescent serum. In this series then, known contacts and 
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avowed non-contacts were equally represented in the serums of low 
potency, but in the serums of higher potency the known contacts 
predominated slightly. The pool of the serums of known contacts 
was of slightly higher value than the pool of the serums of non-con- 
tacts, but they were respectively a little above and a little below half 
the strength of the average obtained for pooled convalescent serum. 

Shaughnessy et al. (7), comparing individual convalescent and so 
called normal adult serums, claimed that the latter had as a rule 
better neutralizing power than the former. It is quite likely, how- 
ever, that, in many of their neutralization tests, the virus tissue used 
was not active, since eight of fourteen controls did not contract paraly- 
sis with as much as 1 cc. of a 5 per cent emulsion (12). This wide- 
spread distribution of neutralizing substances amongst adults and the 
high titre in more than half of them might result either from exposure 
to the virus of poliomyelitis, and subsequent immunity through a 
subclinical attack of the disease, or it may occur as a natural matura- 
tion with age. There is considerable epidemiological and experimental 
evidence to suppose that the former mechanism may be partly respon- 
sible for the development of the neutralizing substances in these adult 
serums. Frost (13), who first suggested this hypothesis, emphasized 
the differences in the age distribution of the disease in urban and rural 
districts and concluded that an immunity, which was directly propor- 
tional to concentration of population, developed with age. In addi- 
tion, Aycock (14) has sho%vn that the age distribution is similar to 
that of measles and diphtheria and believes that subclinical infection 
accounts for the widespread immunity in adults against the virus of 
poliomyelitis. As further evidence it has been shown that the inci- 
dence of neutralizing substance against the virus of poliomyelitis 
parallels the Schick test and that the incidence of this neutralizing 
substance increases ivith age according to concentration of population, 
(Aycock and Kramer (4)). 

The work here described confirms the high incidence of antibody 
amongst urban adults and shows that a good proportion have a high 
degree of neutralizing ability. It has also been shown that the 
incidence of more potent serum is greater amongst contacts, the ma- 
jority of whom had frequent exposure to the virus, than amongst 
non-contacts, which supports the hj'pothesis that exposure is a factor 
in bringing about immunity. 
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The Clinical Use of This Serum 

To meet an emergency, serum was collected, for therepeutic pur- 
poses, from eleven of the seventeen normal persons showing high 
protective power in their serum, on the grounds that these sermns 
seemed to be quite as strong as the average convalescent senun, and 
that larger quantities could be obtained from adults than from con- 
valescent patients, the majority of whom are children. 

Over 8 litres of blood was collected and the pooled serum was used 
in the treatment of sixteen early cases which occurred at the height of 
the epidemic. In Table V a comparison is made between these and 
twenty-five cases, which occurred at approximately the same time 
and which were treated mth convalescent serum. 


TABLE V 


Scmm 

No. 

Total 

No paralysis 

j Mild paralysis 

Severe paral)^is 

Beaths 

cases 

serum 

No. 

I 

Per cent 

No. 

Per cent 

No. 

Per cent 

No. 

Per cent 

Convalescent 

25 

cc. 

21-25 

20 

80 

2 

8 

3 

12 

1 

4 

Selected adult 

16 

4-50 

7-25 

13 

81.2 

0 

0 

3 

18.8 

1 

6.3 



9-50 










The series is small and difficult to interpret, but the rapid fall of 
temperature and the amelioration of symptoms, in the cases which 
did not develop paralysis, was equally evident vdth the senun from 
both sources. 

Three cases which developed paralysis foUovdng non-convalescent 
serum and five which contracted paralysis after the administration of 
convalescent senun, did not show any fall of pulse or temperature or 
any symptomatic improvement after the intravenous administration 
of senun. 

In these early cases of poliomyelitis, there is a similarity in the re- 
sponses to convalescent and high titrc non-convalescent serums. 
Zingher (15) reported satisfactory results, for a small series of pre- 
parah’tic poliomyelitis patients, with large quantities of pooled 
untested serum from normal adults. 

The supply of convalescent serum, children being the usual source, 
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avowed non-contacts were equally represented in the serums of low 
potency, but in the serums of higher potency the known contacts 
predominated slightly. The pool of the serums of known contacts 
was of slightly higher value than the pool of the serums of non-con- 
tacts, but they were respectively a little above and a little below half 
the strength of the average obtained for pooled convalescent serum. 

Shaughnessy et al. (7), comparing individual convalescent and so 
called normal adult serums, claimed that the latter had as a rule 
better neutralizing power than the former. It is quite likely, how- 
ever, that, in many of their neutralization tests, the virus tissue used 
was not active, since eight of fourteen controls did not contract paraly- 
sis with as much as 1 cc. of a 5 per cent emulsion (12). This Avide- 
spread distribution of neutralizing substances amongst adults and the 
high titre in more than half of them might result either from exposure 
to the virus of poliomyelitis, and subsequent immunity through a 
subclinical attack of the disease, or it may occur as a natural matura- 
tion with age. There is considerable epidemiological and experimental 
evidence to suppose that the former mechanism may be partly respon- 
sible for the development of the neutralizing substances in these adult 
serums. Frost (13), who first suggested this hypothesis, emphasized 
the differences in the age distribution of the disease in urban and rural 
districts and concluded that an immunity, which was directly propor- 
tional to concentration of population, developed with age. In addi- 
tion, Aycock (14) has shown that the age distribution is similar to 
that of measles and diphtheria and believes that subclinical infection 
accounts for the widespread immunity in adults against the virus of 
poliomyelitis. As further evidence it has been shown that tlie inci- 
dence of neutralizing substance against the virus of poliomyelitis 
parallels the Schick test and that the incidence of this neutralizing 
substance increases vdth age according to concentration of population, 
(Aycock and Kramer (4)). 

The work here described confirms the high incidence of antibody 
amongst urban adults and shows that a good proportion have a high 
degree of neutralizing ability. It has also been shoum that the 
incidence of more potent serum is greater amongst contacts, the ma- 
jority of whom had frequent exposure to the virus, than amongst 
non-contacts, which supports the hj-pothesis that exposure is a factor 
in bringing about immunity. 
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The Clinical Use of This Serum 

To meet an emergency, serum was collected, for therepeutic pur- 
poses, from eleven of the seventeen normal persons showing high 
protective power in their serum, on the grounds that these serums 
seemed to be quite as strong as the average convalescent senun, and 
that larger quantities could be obtained from adults than from con- 
valescent patients, the majority of whom are children. 

Over 8 htres of blood was collected and the pooled serum was used 
in the treatment of sixteen early cases which occurred at the height of 
the epidemic. In Table V a comparison is made between these and 
twenty-five cases, which occurred at approximately the same time 
and which were treated with convalescent senun. 


TABLE v 


Serum 

No. 

Total 

No paralysis 

MUd paralysis 

Severe paralysis 

Deaths 

cases 

serum 

No. 

Per cent 

No. 

Per cent 

No. 

Per cent 

No. 

Per cent 

Convalescent 

25 

cc. 

21-25 

20 

80 

2 

8 

3 

12 

1 

4 

Selected adult 

16 

4-50 

7-25 

13 

81.2 

0 

0 

3 

18.8 

1 

6.3 



9-50 










The series is small and difficult to interpret, but the rapid fall of 
temperature and the amelioration of symptoms, in the cases which 
did not develop paralysis, was equally evident with the senun from 
both sources. 

Three cases which developed paralysis following non-convalescent 
serum and five which contracted paralysis after the administration of 
convalescent serum, did not show any fall of pulse or temperature or 

any symptomatic improvement after the intravenous administration 
of serum. 

In these early cases of poliomyelitis, there is a similarity in the re- 
sjwnses to convalescent and high titre non-convalescent serums. 
Zingher (15) reported satisfactorj' results, for a small series of pre- 
paralytic poliomyelitis patients, with large quantities of pooled 
untested serum from normal adults. 

The supply of convalescent senun, children being the usual source. 
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will not always meet demands in an epidemic. The present observ’^a- 
tions indicate that the supply can be considerably augmented by 
serum of tested adults. Furthermore, by obtaining serum from tested 
adults, the donor list is reduced and there is a considerable amount of 
time saved. In order to obtain 13.5 litres of convalescent serum for 
the 1931 epidemic in Montreal, 200 bleedings were necessary and a 
donor list of 150 persons was used. 

CONCLUSIONS 

1. Of twenty-nine so called normal urban adults tested, seven had 
less than two-fifths, three had two-fifths, two had three-fifths, eight 
had four-fifths and nine had a neutralizing power at least equal to 
the average of five batches of pooled convalescent serum. 

2. Knovm contacts and avowed non-contacts were equally repre- 
sented in the serums of low potency, but in tlie serums of higher 
potency, the Imown contacts predominated. 

3. The pooled serums of kno^vn contacts and of non-contacts were 
respectively a little above and a little below half the strengtli of the 
average obtained for pooled convalescent sermn. 

4. Two series of early cases of poliomyelitis, tire one treated with 
normal serum of proved protective power, tire otlier rvith convalescent 
serum, showed no advantage of one type of serum over the other. 

I wish to thank Professor E. G. D. IMurray for his ad\dce and sug- 
gestions throughout the course of tliis work, and the Staff of the Chil- 
dren’s Memorial Hospital for their kindness in making these clinical 
studies possible. 

BIBLIOGRAPHY 

1. Anderson, J. F., and Frost, AV. H., J. Am. Med. Assn., 1911, 66, 662. 

2. Peabody, F. W., Draper, G., and Dochez, A. R., A clinical study of acute 

poliomyelitis, Monograph of The Rockefeller Institute for Medical Re- 
search, No. 4, New York, 1912, 

3. Leake, J. P., Btdl. Ilyg. Lab., U. S. P. E. S., No. Ill, 1918, 21. 

4. Aycock, W. L., and Kramer, S. D., J. Prevent. Med., 1930, 4, 189. 

5. Schultz, E. W., and Gebhardt, L. P., Proc. Soc. Exp. Biol, and Med., 1931, 28, 

409. 

6. Fairbrothcr, R. W., and Brown, W. G. S., Lancet, 1930, 2, 895. 

7. Shaughnessy, H. J., Harmon, P. H., and Gordon, F. B., Proc. Soc. Exp. Biol. 

and Med., 1930, 27, 732; J. Prcicnl. Med., 1930, 4, 463. 



SIATIRICE BRODIE 


519 


8. Weyer, E. R., Park, W. H., and Banzhaf, E. J., /. Exp. Med., 1931, 53, 553. 

9. Soule, M. H., and McKinley, E. B., Proc. Sac. Exp. Biol, and Med., 1931, 29, 

168. 

10. Kramer, S. D., and A3’’cock, W. L., Proc. Soc. Exp. Biol, and Med., 1931, 29, 

98. 

11. Flesner, S., and Lewis, P. A., J. Exp. Med., 1910, 12, 221 -J. Am. Med. Assn., 

1910, 64, 45. 

12. Shaughnessy, H. J., Hannon, P. H., and Gordon, F. B., J. Prevent. Med., 1930, 

4, 157. 

13. Frost, \V. H., Btdl. Hyg. Lab., U. S. P. H. S., No. 90, 1913, 209. 

14. Aycock, W. L., Am, J. Hyg., 1928, 8, 35. 

15. Zingher, H., J. Am. Med. Assn., 1917, 68, 817. 




STUDIES ON THE QUANTITATIVE ACTION OF A SPECIFIC 
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Avery and Dubos (1—3) have reported the isolation of a bacterium 
capable of specifically decomposing the capsular polysaccharide of 
Pneumococcus T5T3e HI. This decomposition was shown to be due to 
the action of an intracellular enzyme which could be extracted in active 
form from the bacilli. Potent preparations of this enzyme protected 
mice against infection with virulent Type III Pneumococcus and 
exerted a curative action on an infection already established. 

Recently we have reported that this enzyme, when used in sufficient 
amounts and under stated conditions, was capable of bringing about a 
favorable and early ter min ation of the experimental disease induced by 
infecting rabbits intradermally with Type III Pnemnococcus (4). 

A strain of T 3 rpe III Pneumococcus which was especially vinilent for rabbits was 
used in producing the characteristic infection described in detail in previous papers 
(S-8) . An edematous lesion makes its appearance at the point of inoculation in the 
skin of the rabbit’s flank and rapidly spreads ventrally, creating within 15 to 20 
hours a widespread lesion most pronounced in the dependent portions of the skin. 
With the development of the local lesion there is a rapid elevation of body tempera- 
ture and this remains at high levels imtil death or eventual recovery'. Pneumococci 
escape from the lesion into the general circulation and create a bacteriemia of 
varying but generally' increasing severity'. Following the intravenous injection of 
large quantities of enzy'me 24 hours after infective inoculation, a large majority' of 
the animals survived. The injection of the enzyme is followed immediately by' the 
disappearance of organisms from the blood stream. The temperature at first rises 
but \vithin a few hoius begins to fall and normal levek are generally reached within 
24 hours. With the subsidence of the bacteriemia and the fall in temperature the 
local lesion begins to show signs of healing and the skin eventually' returns to its 
normal state. Successful e.'qjerimcnts were also reported in which smaller amounts 
of enzyme were injected repeatedly over a period of days. 

This earlier work vas chiefly concerned with the qualitative aspects of the prob- 
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lem. However, the results indicated that large quantities of enzyme appeared to 
be necessary for successful therap}' in rabbits which had a high bacteriemia 
while smaller amounts seemed adequate in animals having a lesser number of 
organisms in the blood at the time of treatment. 

The experiments reported in the present paper deal with the quanti- 
tative factors involved in the action of the specific enzyme in this 
experimental disease. 


EXPERIMENTAL 

The general plan of these experiments was to give each infected 
rabbit one intravenous injection of a determined amount of enzyme 24 
hours after infective inoculation. For the most part the experimental 
methods were the same as those reported in the previous paper (4). 

Cidtnrc . — The rabbit-virulent strain of Type III Pneumococcus was main- 
tained in rabbit blood broth with frequent animal passage. Virulence for rabbits 
was such that 0.000,01 cc., given intradermally, caused death or a protracted dis- 
ease of severe character. 

Infection . — Healthy male rabbits weighing from 1,800 to 2,000 gm. were used. 
Animals were injected intradermally, at a site midway on the flank area, with 0.2 
cc. of a dilution of the culture containing the desired number of organisms. In 
this series certain of the animals received 0.001 cc. of culture; otliers, for reasons to 
be mentioned below, received 0.2 cc. 

Enzyme Preparations . — The enzyme preparations used in these experiments 
were, for the larger part, purified and concentrated lots prepared by the method 
described by Dubos (9), The potency was carefully determined by the method 
previously described. 

Enzyme Injections . — Each treated animal received a single injection of enzyme 
24 hours after infective inoculation. The desired amount of the enzyme prepara- 
tion was warmed to 37°C., and injected intravenously at a rate not greater than 1.5 
cc. per minute. 

Blood Cultures . — ^The number of organisms per cc. of blood was determined by a 
procedure previously described in detail (5). In brief, the method consists in 
plating 0.4 cc. of blood taken from the marginal ear vein with an accurately 
graduated syringe. It is obvious that tliis method is open to many experimental 
errors and that counts so obtained are not entirely accurate. An analysis of the 
results, however, shows that thej'' are relatively significant. 

The estimation of the number of pneumococci in the circulating 
blood takes no account of the number in the lesion. This cannot be 
readily determined. If the edema fluid is removed and cultured, the 
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mber of pneumococci present is usually found not to be extremely 
■ge. However, a large number may be present in the tissues. The 
mber in the lesion undoubtedly varies within limits depending upon 
e amount of the tissue involved, and possibly upon other unkno^m 
:tors. 

Dubos and Avery (2) have shovTi by experiments in vitro that, after 
definite incubation period, the total amount of specific substrate 
composed bears a quantitative relationship to the concentration and 
tivity of the enzyme preparation used. If it were possible to apply 
is finding to experimental infections, the minimal amount of enzjone 
icessary to bring about recovery should bear a quantitative relation- 
ip to the amount of specific capsular polysaccharide in the animal 
)dy. This substance is of course associated with the pneumococci 
it may also be present in a free form entirely detached from the 
icteria. It is technically impossible to determine the total amount of 
le specific polysaccharide in the infected animal or even to estimate 
le total number of pneumococci. The nearest approximation is the 
jtermination of the number of viable pneumococci in the circulating 
lood. Other factors being the same, the degree of blood infection 
lould, on theoretical grounds, bear some quantitative relationship 
) the amount of enzyme necessary to bring about recovery. When 
0 invasion of the blood has occurred this relationship, of course, would 
ot hold. 

As the experimental work progressed it became apparent that the 
mount of enzyme necessary to bring about recovery was definitely 
dated to the number of organisms in the blood stream. It therefore 
ecame desirable to study a large number of animals shelving vide 
ariations in the degree of blood infection. With an infective amount 
f 0.001 cc. of culture there was considerable individual variation in the 
nimals, the number of organisms per cc. of circulating blood varying 
rom 5 to 10,000, the higher numbers being exceptional. In order to 
isure an early and massive blood invasion the infective inoculum 
I'as increased to 0.2 cc., an amoimt 200 times greater than that pre- 
iously used. This gave rise to an infection which differed from the 
>rcvious one only in that it was much more rapidly fatal if untreated 
md in that the numbers of pneumococci per cc. of blood were relatively 
•normous, frequently too great to estimate by the plate method. In 
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the series of animals reported in this paper about one-half have been 
infected with 0.2 cc. and one-half with 0.001 cc. of culture. 

An apparently insurmountable difficulty was tliat at the time of treatment there 
was no knowledge of the number of pneumococci in the blood stream. This in- 
formation is necessarily not available until 24 hours thereafter. In the hope of 
finding some inde.v of the bacteriemia which might be available at once, we have 
compared the number of organisms in the blood stream with tlie height of the tem- 
perature, the temperature trend, the leukocyte count, tlie trend of this count, the 
appearance and magnitude of the lesion, and the weight trend. No satisfactory 
correlation was obtained with anj'^ of these factors. Because of this fact the 
amounts of enzyme given have been arbitrariN chosen. 

The Amount of Enzyme and the Outcome of the Disease 

We have now studied a series of 85 rabbits of which 61 have been 
treated with a definite amount of enzyme 24 hours after infective inocu- 
lation. The others have served as controls. The data on this series 
of animals are shown in Table I. The animals have been arranged in 
groups depending on the numbers of organisms in the blood stream at 
the time of treatment. Thus in Group A are placed the animals in 
whicli the blood cultures were negative; in Group B, those with 3 to 10 
organisms per cc.; etc. In each group the animals are arranged in 
series according to the amounts of enzyme each received. In each 
instance the degree of bacteriemia and the results of the treatment are 
indicated. 

Group A . — Of si.^ untreated controls, one survived. Among the treated animals 
there were scattering deaths until the amormt of enz}’me used was greater than 
2.5 units. Even in these fatal cases, however, death occurred, on an average, over 
4 days later than in the controls. WOien 3 or more rmits were used, all animals 
survived. 

Group B . — In this group arc included those animals in which the blood cultures 
showed from 3 to 10 organisms per cc. The smallest amount of enzyme used in 
this group was 2.5 units. All these animals survived whereas the untreated 
controls died. 

Group C . — In the animals in this group, at the time of treatment, 11 to 100 
organisms per cc. of blood were found. An apparent irregularity is caused by the 
fact that one animal died after receiving 10 units of enzjme whereas another sur- 
vived after only 6.6 units. However, it should be noted that the bacteriemia was 
mudi higher in the former animal. The minimal amount of enzyme efficacious in 
this group, therefore, was between 10 and 20 units. 
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TABLE I 

RestiUs of the Administration of Various Amounts of Specific Enzyme in Infected 
Rabbits Having Varying Numbers of Type III Pneumococci per Cc. of Blood 


Determined amounts of enzyme preparations injected intravenously into rabbits 24 brs. after infective inocu- 
lation with Type IH Fneumocoauis 


Group 

Kabbit 

Bacteriemia at 24 his. 

Units of en^Tne 

Result 

A 

1 

Negative 

None 

D 114 


2 

« 

tt 

00 

00 


3 

U 

tt 

“ 70 


4 

tt 

tt 

“ 64 


5 


tt 

" 53 


6 

It 

tt 

S 


7 

tt 

1 

(( 


8 

ft 

1.25 

tt 


9 

ft 

2 

D 162 


10 

tt 

2 

S 


11 

tt 

2.5 

D 192 


12 

tt 

2.5 

“ 190 


13 

if 

3 

S 


14 

ft 

3 

tt 


15 

tt 

6.6 

tt 


16 

it 

10 

tt 


17 

tt 

20 

tt 


18 

ft 

100 

tt 


19 

tt 

100 

tt 


20 

tt 

100 

tt 

B 

1 

10 

None 

D 84 


2 

5 

it 

" 84 


3 

5 

ft 

“ 51 


4 

3 

tt 

“ 150 


5 

3 

2.5 

S 


6 

3 

6.6 

ff 


7 

3 

10 

({ 


8 

3 

17.5 

II 


9 

10 

20 

II 



10 

50 

II 



5 

100 

tt 



8 

100 

tt 



10 

100 

II 



10 

100 

II 

C 


83 

None 

D 111 


2 

78 


“ 36 


3 

52 

<( 

“ 55 


4 

40 

(« 

*' 52 
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the series of animals reported in this paper about one-half have been 
infected with 0.2 cc. and one-half with 0.001 cc. of culture. 

An apparently insurmountable difficulty was that at the time of treatment there 
was no knowledge of the number of pneumococci in the blood stream. This in- 
formation is necessarily not available until 24 hours thereafter. In the hope of 
finding some inde.v of the bacteriemia which might be available at once, we have 
compared the number of organisms in the blood stream with the height of the tem- 
perature, the temperature trend, the leukocyte count, the trend of this count, the 
appearance and magnitude of the lesion, and the weight trend. No satisfactory 
correlation was obtained witli any of these factors. Because of this fact the 
amounts of enzyme given have been arbitrarily chosen. 

The Amount of Enzyme and the Outcome of the Disease 

We have now studied a series of 85 rabbits of which 61 have been 
treated with a definite amount of enzyme 24 hours after infective inocu- 
lation. The others have served as controls. The data on this series 
of animals are shown in Table I. The animals have been arranged in 
groups depending on the numbers of organisms in the blood stream at 
the time of treatment. Thus in Group A are placed the animals in 
which the blood cultures were negative; in Group B, those with 3 to 10 
organisms per cc.; etc. In each group the animals are arranged in 
series according to the amounts of enzyme each received. In each 
instance the degree of bacteriemia and the results of the treatment are 
indicated. 

Grotip A . — Of six untreated controls, one survived. Among the treated animals 
there were scattering deaths until the amount of enzyme used was greater than 
2.5 units. Even in these fatal cases, however, death occurred, on an average, over 
4 days later than in the controls, Wlien 3 or more units were used, all animals 
survived. 

Group B . — In this group arc included those animals in which the blood cultures 
showed from 3 to 10 organisms per cc. The smallest amount of enzyme used in 
this group was 2.5 units. All these animals survived whereas the untreated 
controls died. 

Group C . — In the animals in this group, at the time of treatment, 11 to 100 
organisms per cc. of blood were found. An apparent irregularity is caused by the 
fact that one animal died after receiving 10 units of enzyme whereas another sur- 
vived after only 6.6 units. However, it should be noted that the bacteriemia was 
much higher in the former animal. The minimal amount of enz 3 Tnc efficacious in 
this group, therefore, was between 10 and 20 units. 
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TABLE I 

Results of the Administration of Various Amounts of Specific Enzyme hi Infected 
Rabbits Having Varying Numbers of Type III Pneumococci per Cc. of Blood 


Detcnnined amounts of enzyme preparations injected intravenously into rabbits 24 brs. after infective inocu- 
lation vrith T>T>e III Pneumococcus 


Group 

Rabbit 

Bacteriemla at 24 bis. 

Units of enzjTne 

Result 

A 

1 

Negative 

None 

D 114 


2 

« 

it 

“ 88 


3 

« 

it 

“ 70 


4 

tf 

tt 

“ 64 


5 

1, 

it 

“ 53 


6 

(C 

tt 

S 


7 

Ct 

1 

tt 


8 

u 

1.25 

tt 


9 

iC 

2 

D 162 


10 

u 

2 

S 


11 

u 

2.5 

D 192 


12 

« 1 

2.5 

“ 190 


13 

it 

3 

S 


14 

it 

3 

tt 


15 j 

« 

6.6 

tt 


16 

it 

10 

tt 


17 

it 

20 

tt 


18 

it 

100 

tt 


19 

it 

100 

tt 


20 

H 

100 

tt 

B 

1 

10 

None 

D 84 


2 

5 

(( 

“ 84 


3 

5 

tt 

“ 51 


4 

3 

it 

" 150 


5 

3 

2.5 

S 


6 

3 

6.6 

It 


7 

3 

10 

tt 


8 

3 

17.5 

It 


9 

10 

20 

tt 


10 

10 

50 

tt 


11 

5 

100 

tt 


12 

8 

100 

tt 


13 

10 

100 

tf 


14 

10 

100 

tt 

C 

1 

85 

None 

D 111 


2 

78 

It 

“ 36 


3 

52 

<< 

** 55 


4 

40 

4( 

“ 52 
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TABLE I — Coniimied 


Determined amounts of enzyme prcparations injectcd intravenously into rabbits 24 hrs. after infective inocu- 
lation with Type III Pneumococcus 


Group 

Rabbit 

Bacteriemia at 24 hrs. 

Units of enzyme 

Result 

C — concluded 

5 

13 

None 

D 62 


6 

23 

3 

» 40 


7 

20 

3 

“ 108 


8 

15 

6.6 

S 


9 

73 

10 

D 68 


10 

16 

20 

S 


11 

48 

37.5 

It 


12 

55 

50 

it 


13 

25 

100 

fl 


14 

20 

100 

it 

D 

1 

789 

None 

D 60 

. 

2 i 

345 

(t 

» 51 


3 

210 

(( 

" 86 


4 

140 

<< 

“ 86 


5 

630 

4 

■' 150 


6 

345 

5 

“ 105 


7 

315 

5 

“ 120 


8 

580 

6.6 

» 72 


9 

103 

10 

" 88 


10 

255 

20 

S 


11 

265 

26.6 

(( 


12 

ISO 

37.5 

(< 


13 

457 

100 

it 


14 

165 

100 

it 


15 

157 

100 

it 

E 

1 

5,040 

None 

D 42 


2 

2,400 

<C 

« 77 


3 

3,760 

4 

" 102 


4 

7,840 

13.3 

“ 112 


S 

5,080 

17.5 

“ 114 


6 

8,120 

18 

“ 58 


7 

6,720 

20 

“ 60 


8 

1,760 

50 

S 


1 

1 CO 

None 

D 39 


2 

cx> 

H 

» 40 


3 

CO 

it 

“ 38 


4 

CO 

1 

“ 40 


5 

25,440 

1.25 

“ 40 
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TABLE I — Concluded 


Detennined amounts of cn 2 ;>’me preparations injected intravenously into rabbits 24 hrs. affer infective inocu- 
lation with Type HI Pneumococcus 


Group 

Rabbit 

Bacteriemia at 24 hrs. 

Units of enzyme 

Result 

F — concluded 

6 

CD 

5 

D 

66 


7 

20,880 

17.5 

(( 

140 


8 

13,440 

17.5 

tt 

88 


9 

C3 

20 

tt 

70 


10 

CD 

20 

tl 

80 


11 

CD 

20 

ll 

60 


12 

37,120 

100 

tt 

30 


13 

35,840 

100 

It 

36 


14 

26,580 

100 

tt 

26 


S = siirvival of animal. D = death of animal, at indicated number of hours 
after infective inoculation, oo = number too great to estimate. 


Group D . — ^The animals in this group showed 100 to 1,000 organisms per cc. of 
blood. In this group all animals which received 20 or more units of enzj-me 
recovered. The controls died somewhat earlier than those of the preceding groups 
but again the average length of life of the treated animals which died was a day and 
a half longer than that of the controls. 

Group E . — ^In this group are listed the animals with blood cultures showing 1,000 
to 10,000 pneumococci per cc. The degree of bacteriemia in thb group was ver3' 
high. In spite of this the animal which received the largest amount of enzj-me, 
50 units, recovered. Moreover, the animals treated with smaller amounts, 
although they did not recover, nevertheless lived somewhat longer than did the 
controls. 

Group F. In these animals there were present 10,000 or more pneumococci 
per cc. of blood. The administration of the enzj-me, even as much as 100 units, 
was without favorable result in these cases. Although in this series of animals 
receiving but a single injection none recovered, infections of this order have been 
succcssfullj- treated by repeated injections of large amounts of enzyme over a 
period of days. 

Considering Table I as a whole it becomes ob\dous that larger 
amounts of enzjTne arc necessarj’’ as the number of organisms in the 
blood becomes greater. Thus 6.6 units of enzt-me were sufEcient to 
bring about recover^' in an animal showing 15 organisms per cc. of 
blood, 20 units sufiiced in an animal ha^^ng 255 organisms per cc., 50 
units were required in an animal with 1,760 organisms per cc.; how- 
ever, a single injection of even 100 units failed to bring about recovery 
w hen the number of bacteria per cc. of blood exceeded 20,000. 
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These results are best illustrated by a graphic presentation as in 
Text-fig. 1. It will be noted that in general the symbols indicating 
the fatalities occupy one section of the figure whereas those which indi- 
cate the survivals occupy another. The data are not sufficient to allow 
of the actual plotting of a curve whidi might separate these areas but a 
broken line has been drawn which indicates roughly the two zones. 
The results are not sharply defined in that portion of the chart repre- 



Units of enzyme given intravenously 
24 hours after infective inoculation 


Text-Fig. 1. Results of the administration of various amounts of specific 
enzyme in infected rabbits having varjdng numbers of T 3 TJe III pneumococci per 
cc. of blood. A broken line indicates a suggested boundary between zones of 
effective and non-effective therapy. In three instances the day of death is indi- 
cated by small numerals. 

senting the animals in which the blood cultures were negative and the 
amounts of enzyme employed were very small. It is believed that this 
is due to the fact that in these animals the results depend entirely on 
the number of organisms found in the lesion and this may of course 
vary in individual animals. 

It may be pointed out that, as tlie number of pneumococci in the 
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blood increases, the increase in the relative amount of enz)Tne neces- 
sary to combat the infection becomes less. 

DISCUSSION 

This study has shown that the amount of enzyme necessary to bring 
about recovery in the infected rabbit bears a definite relationship to the 
number of organisms present in the blood stream at the time of treat- 
ment. Thus, in animak with negative blood cultures or with bac- 
teriemia of low grade, an amount of enzyme as small as 5 units may 
save the life of the animal; with a bacteriemia of 100 to 1,000 organ- 
isms per cc. of blood, 20 units may be necessary; with a bacteriemia of 
1,000 to 10,000 organisms per cc., 50 units were necessary. In animals 
in which the bacteriemia exceeded 10,000 organisms per cc. a single 
injection of even 100 units was not effectual in saving the life of the 
animal, although, as previously mentioned, infections of this order 
have been successfully treated by repeated injections of large amounts 
of enzyme over a period of days. 

Although the quantitative relationship established in these exper- 
iments is between the amovmt of enzyme and the munber of pnemno- 
cocci present in the blood, the fimdamental relationship is that between 
the quantity of enzyme and the total amount of specific capsular 
polysaccharide present in the body. The degree of bacteriemia serves 
merely as an index of the latter. 

The enzyme is not a therapeutic substance per se, but one which, by 
decomposing the capsular substance of the pneumococci and thus pre- 
paring the bacterial cells for phagocytosis, initiates a process which 
the hody must be in a condition to carry on if the animal is to recover. 
Hence, in the use of the enzjone, this capacity of the body to complete 
the reaction must be reckoned with. 

SUMMARY 

The enzjTne which specifically decomposes the capsular poly- 
saccharide of Tjq)e III Pneumococcus must be used in certain definite 
amounts in order to bring about the recovery of rabbits infected intra- 
dcrmally with this organism. The experiments reported in this paper 
indicate that the minimal amounts of enzjnne required bear a definite 
relationship to the severity of the infection as gauged by the number of 
pneumococci present in tlie circulating blood. 
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A STUDY OF THE THERAPEUTIC MECHANISM OF ANTI- 
PNEUMOCOCCIC SERUM ON THE EXPERIMENTAL 
DERMAL PNEUMOCOCCUS INFECTION IN RABBITS 

I. The Presence in Antipneumococcic Serum oe a Non- 
Antibacterial Therapeutic Factor* 

By albert B. SABIN, M.D. 

{From the Department of Bacteriology and Immunology, New York Unkersity and 
Bellevue Hospital Medical College, New York) 

(Received for publication, June 2, 1932) 

Despite the numerous clinical and experimental investigations on 
antipneumococdc serum, its exact role in pneumococcus infection is 
still relatively obscure. The purpose of this communication is to 
report experiments which show that antipneumococdc serum con- 
tains an important therapeutic factor, which is not antibacterial in 
character. 

The current opinion is that the protective antibody in the serum is antibacterial. 
In 1915, Bull (1), in studying the effect of serum on pneumococcus septicemia in 
rabbits, suggested that the protective antibody acts in vivo by virtue of its agglu- 
tinating power, and that the survival or death of the animal depends upon the 
destruction of the agglutinated organisms by the phagocytic cells of the blood and 
tissues. Cole (2), Dochez and Avery (3), and others showed that in pneumococ- 
cus-infected exudates and sera as well as during the growth of the organisms in 
vitro, there is present a soluble substance, which can combine with the immune 
bodies of the serum, and thus detract from its action against the organisms. The 
later studies of Heidelberger and Avery (4), and others on the chemical constitu- 
tion of pneumococcus protoplasm had established this soluble specific substance 
as the chief capsular constituent, a carbohydrate fraction of the organism respon- 
sible for its t>-pe specificity and wrulcncc. The subsequent work of Felton and 
Bailey (5) indicated that this purified carbohydrate soluble specific substance was 
capable of neutralizing the protective antibody. Thus it appeared that the func- 

* I am indebted to Professor William H. Park for his continued interest and 
stimulating criticism throughout the course of this work. I also UTsh to thani; 
Mr. M. Pcrcoco, Mr. H. Ferris, Miss A. Lewis, and Miss B. Goldfarb for thei!- 
technical assistance. 
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is apparently per se non-toric to mice, rabbits, or human beings.^ The studies of 
Rosenow (10), Cole (11), and others on pneumococcus autolysates showed that 
while these produce anaphylactic-like reactions in animals, they could not be 
correlated with the signs of toxemia in pneumococcus infection. In the past few 
years, Parker (12) has described certain toxic substances obtained by anaerobic 
autolysis of concentrated pneumococcus suspensions. The toxic principles in 
these autolysates are capable of producing necrosis when injected intracutaneously 
and death associated with hemorrhagic pulmonary lesions when injected intra- 
tracheally into guinea pigs. These toxins are species-specific and can be neutral- 
ized by heterologous anti-autolysate serum. Parker and McCoy (13) reported 
the production of potent antitoxic serum in horses. However, it appeared that if 
this toxin prepared in vitro by Parker played any part in the in vivo process, that 
the antitoxic serum should act not only on a lesion produced by the artificial toxin, 
but should exert a definite effect on the coiuse or outcome of the natmal infection 
as well. This problem was investigated using the dermal pneiunococcic lesion of 
rabbits reported by Zinsser (14) and later studied in detail by Goodner (15), as 
it seemed to be the most suitable, available t 3 rpe of experimental pneumococcus 
infection, particularly since its course and pathology (Rhoads and Goodner (16)) 


resemble so greatly that of pneumococcus pneiunonia in man. It appeared from 
this study (17) that the antitoxic serum of Parker, when used by itself or in asso- 
ciation with a so called subeffective dose of antibacterial serum, had no apparent 
effect on the progress of the pneumococcus infection in rabbits. For this reason 


it would seem that the anaerobically isolated toxin is probably merely a product of 
in vitro autolysis and not actually formed in the course of pneumococcus infection. 

The late Dr. E. J. Banzhaf, similarly interested in producing a serum that might 
perhaps be antitoxic as well as antibacterial, injected horses intramuscularly with 
pneumococcus broth culture filtrates as well as with the sedimented organisms 
intravenously. He assumed that in case pneumococcus broth cultrures should 
contain a toxin, which, however, is not readily demonstrable on account of a prob- 
able rapid transformation into a toxoid stage, it might, nevertheless, be possible 
to prepare an antitoxin if they were used for immunization. Banzhaf’s prelimi- 
narj a oratoty tests with sera thus produced indicated that some rabbits could be 
protecte wi quantities, in which the number of mouse protective units w’as 
su^nsmg y ow. He subsequently very kindly submitted to me several samples. 

IS scrum or urt er study, the results of which are included in this report. 


The foUowing experiments deal with the demonstration of the pres- 
sence of therapeutic agents in antipneumococcic serum which-. 

of T\-De I fom volunteers intramuscularly with as much as 5 mg.. 

fulciScts b 500 cc. of culture) without any harm- 

mococcus in his blood ITdw agglutinins for Tjite I pneu- 

<» 102.5T. lo, IS M a rite of tanponTtur.. 
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rather than at 24 hours, as Goodner had done in his studies, because it appeared 
more smtable for comparative purposes. The virulence of the culture v?as such 
that, with the dose used, of forty untreated rabbits in various experiments, none 
survived; furthermore at 24 hours the disease is frequently very far advanced, 
some of the rabbits dying within 48 or 72 hours; at 6 hours, however, the lesion is 
very slight and the blood culture is positive, so that the effect of the serum can 
be noted not only on the outcome of the disease but on the progress and develop- 
ment of the lesion as well. It is important to note here that protective doses 
administered at 6 homrs do not necessarily influence the full development of the 
lesion. 


TABLE I 

Therapeulic EJfect of Standard Antipneumococcic Serum and Serum Prepared hy 
Injections of Organisms and Broth Culture Filtrates 


Therapy 

' Dose 

Hr. after 
culture 

No. of rabbits 
used 

^ No. survived 


^ cc. 

m.p.u* 




None 

— 

— 

- 

4 

0 

Standard Serum 8 

0.38 

300 

7 

4 

1 

Type I 






Serum 2321 Type I 

5.0 

300 

7 

2 

2 


5.0 

300 

24 

2 

2 


0.5 

30 

7 

1 

0 


0.5 

30 

24 

1 

1 


* M.p.u., mouse protective units. The mouse protective unit is ten times the 
smallest amount of antiserum, which protects a majority of mice for 96 hours, 
when it is injected intraperitoneally simultaneous!}' with 100,000 fatal doses of a 
fully virulent culture. 

From previous experiments it was known that 300 mouse protective units 
(m.p.u.) of standard Serum 8 were insufficient for the protection of a majority of 
rabbits receiving this dose at 6 hours after infection. Serum 2321, produced by 
intravenous injection of organisms and intramuscular injection of broth culture 
filtrate, was obtained from a horse that had been under immunization for a rela- 
tively short time and its mouse protective potency was rather low. In this experi- 
ment four rabbits were untreated; four received 300 units of Scrum 8 at 7 hours; 
2 rabbits, 300 units of Serum 2321 at 7 hours, and 2 rabbits the same dose at 24 
hours; one rabbit, 30 units of Serum 2321 at 7 hours, and one the same dose at 
24 hours. 

The results are presented in Table I, and show' that all the rabbits 
treated with 300 m.p.u. of Serum 2321 survived, whereas of four rab- 
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bits treated with 300 m.p.u. of Serum 8, three died. It thus appeared 
that an 'equal or similar dose (as regards mouse protective units — the 
unit which is used clinically as the criterion of dosage) of two different 
sera was in one instance fully protective for rabbits and in the other 
practically ineffective. In addition to the variations in the immuniza- 
tion procedures that were used in the preparation of the two sera, 
there was still another difference: standard Serum 8 contained the 
300 m.p.u. in 0.38 cc., whereas Serum 2321 contained the same number 
of units in 5 cc. The question was, therefore, whether the greater 
effectiveness of Serum 2321 was due to the added intramuscular in- 
jections of broth culture filtrate employed in its preparation, or to 
a factor present in both Serum 2321 and Serum 8, more of which was 
associated with the 300 m.p.u. of the former on account of the larger 
volume of the dose. In either case, however, this factor would have 
to be of a nature different from the agent which is determined by the 
present method of mouse protection. By absorbing an antipneumococ- 
cic serum vdth the homologous organism it is possible to remove almost 
all (about 99.5 per cent) of its mouse protective capacity; it was, there- 
fore, important to determine whether the supernatant liquid of a 
serum thus absorbed could e.xert any therapeutic effect in rabbits. 

The Non-Antibacterial Therapeutic Factor in Serum Prepared by In- 
jection of Organisms Intravenously and Broth Culture Filtrate 

Intramuscularly 

In the work done on the role of anaerobic toxins in the dermal pneu- 
mococcic lesion of the rabbit (17), as well as in the previous experiment 
it was apparent that for everj’- serum there is a certain subeffective 
dose. Of a group of rabbits treated with this subeffective dose there 
is at first a sterilization of the blood stream in aU; in less than half the 
blood is reinfected whereas in the others it remains sterile; the dermal 
lesion is not markedly influenced; about 60 to 75 per cent die. Ap- 
proximately half of these rabbits die without reinfection of the blood 
stream and vith a sterile postmortem heart’s blood culture, but usually 
with a progressively marked lesion. (Routine postmortem brain cul- 
tures, which were done on all the rabbits reported in these experiments, 
showed that, in the absence of a continued and persistent bacteremia, 
localization of the infection in the central nervous system was rela- 
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tively extremely rare.) It appeared, therefore, that in these cases 
death is produced by the absorption of toxins from the local lesion. 

Thus, it was essential to determine whether a subeffective dose of 
serum could he rendered effective by the addition of that fraction of 
the serum which remains after complete absorption with the homol- 
ogous organisms. 


TABLE n 

The N on-Anlihaclerial Therapeutic Factor in Serum Prepared by Injection of 
Organisms and Broth Culture Filtrates 


Therapy 

Dose 

Hrs. after 
culture 

No. of 
rabbits used 

Ko. 

survived 


cc. 

m.p.u. 



1 

Preparation 4 

0.2 

50-100 

6 

9 

4 

Preparation 4 

0.2 

50-100 

6 ] 







1 

1 


3 

1 

Absorbed Preparation 4 

0.4 

0.4-2. 0 

24] 


1 

1 


Preparation 4 

0.4 

100-200 

6 

5 

2 

Preparation 4 

0.4 

100-200 

6] 



+ I 




5 

5 

Absorbed Preparation 4 

0.6 

0.6-3.0 

24J 



Preparation 4 

0.4 

100-200 

6^ 




+ 







Absorbed Preparation 4 


0.25-1.25 

24 


5 

5 



0.25-1.25 

48 





la 

0.25-1.25 

72 




Standard Serum 624 Type I 

0.3 

300 

6 

4 

1 

Serum 624 

0.3 

300 

6 











Absorbed Preparation 4 

0.5 

0.5-2. 5 

6 


4 

4 


■a 

0.5-2. 5 

24, 





The scrum available for this experiment was a concentrated preparation (Prep- 
aration 4) containing the total water-soluble and water-insoluble globulin (pre- 
cipitated at 30 to 50 per cent saturation with (NHi):SO0 of Serum 2321 used in 
the previous experiment. This preparation contained 250 to 5C0 m.p.u. per cc. 
Preparation 4 was absorbed v,ith heat-killed, sedimented pneumococci until no 
further agglutination occurred; when this stage was reached more organisms were 
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added, and the mixture incubated at 37°C. for 2 hours and kept in the refrigerator 
overnight. After sedimenting the unagglutinated organisms by thorough centri- 
fugation, the supernatant liquid -was poured off and called absorbed Prepara- 
tion 4. A mouse protection test" performed with absorbed Preparation 4 showed 
that it contained 1 to 5 units, indicating an absorption of about 99.5 per cent of the 
original mouse protective capacit)'. In a preliminary experiment a subeffective 
dose of Preparation 4 was determined, then one group of rabbits was injected with 
a subeffective dose of Preparation 4 at 6 hours, and other groups received, in addi- 
tion to the subeffective dose at 6 hours, injections of absorbed Preparation 4 at 
24 hours, 48 hours, and 72 hours as shown in Table II, 

The survival rate of the rabbits indicates that 0.2 and 0.4 cc. of 
Preparation 4 constitute subeffective doses. It is also clearly ap- 
parent that the additional injection of 0,6 cc. of absorbed Preparation 
4 at 24 hours or of 0.75 cc. divided in three equal doses at 24 hour in- 
tervals rendered the subeffective dose therapeutically effective, all 
the rabbits thus treated having survived. As confirmatory evidence, 
it was necessary to determine whether absorbed Preparation 4 would 
have a similar effect when added to a subeffective dose of standard 
antibacterial serum; i.e., one prepared by immunization with organisms 
only. The results sho\vn in Table II again indicate that Preparation 
4, after complete absorption with the homologous organisms, contains 
a substance which exerts a definite therapeutic effect on pneumococcus 
infection in rabbits. For convenience, this therapeutic factor was 
called non-antibacterial to indicate merely that it was not absorbed 
or neutralized by the intact homologous organisms, and not to define 
its mode of action. If this non-antibacterial factor is of the nature 
of an antibody or antitoxin, it apparently must be produced in response 
to some soluble toxic substance, which, however, is not an antigenic 
constituent of the intact organism. 

Can Pnciwwcoccus Broth Culture Filtrate Neutralize the Non- 

Antibacterial Factor? 

Since broth culture filtrate was the additional immunizing agent 
used in the preparation of the serum, whicli was shown to contain tlie 
non-antibactcrial therapeutic factor, it was important to determine 

- The mouse protection tests reported in these e.vperimcnts -were performed in 
the laboratory of Miss Georgia Cooper of the New York City Health Department 
Research Laboratories, to whom the author again wishes to c.xprcss his gratitude. 
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whether or not it would be capable of neutralizing this factor. It 
seemed that no causal relationship between the use of broth culture 
filtrate for immunization and the presence of the non-antibacterial 
factor in the serum could be established, miless such neutralization 
were demonstrable. 

1000 cc. ol a 24 hour Pneumococcus T 3 'pe 1 broth culture were passed through a 
large Seitz filter. The filter was then concentrated by a method commonly tised 


TABLE m 

Efecl of Broth Culture Filtrate on N on- Antibacterial Factor 


Therapy 

Rabbit 

No. 

Result 

Remarks 

0.3 cc. Serum 624 (300 units) 

1 

s 


-f- 

2 

s 


1.5 cc. absorbed Preparation 4 

3 

s 



4 

De* 

Marked lesion; bacteremia con- 




trolled; postmortem heart and 
brain cultures sterile 

0.3 cc. Serum 624 (300 units) 

5 

S 


+ 

6 

D, 

Bacteremia uncontrolled 

Mixture containing 1.5 cc. absorbed 

7 

S 


Preparation 4 and 3.0 cc. alco- 
holic pneumococcus broth con- ] 

8 

S 


centrate 




0.3 cc. Semm 624 (300 units) only 

n 

S 



mm 


Marked lesion; postmortem heart 


M 


and brain cultures sterile 


D 

■iW 

(( <1 




(( f( 


■3 


Marked lesion; bacteremia uncon- 


H 

IH 

trolled 


* S = survived. Dt = died 6 days after injection. 


in obtaining diphtheria toxin from broth cultures. The filtrate was addified with 
gladal acetic add and predpitated with 60 per cent alcohol; after remaining in the 
refrigerator overnight, the predpitate was filtered through paper. It was then 
pressed nearly diy between pieces of filler paper and dissolved in 50 cc. of 0.9 per 
cent NaCl; i.c., in 1/20 the original volume. 2 cc. of this concentrate injected 
intravenously into two normal rabbits produced no symptoms. To one part of 
Preparation 4. which previously had been completely absorbed with heat-b'Ucd 
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washed Type I pneumococci, two parts of the pneumococcus broth concentrate 
were added. The mixture was incubated in the W'ater bath at 37°C. for 2 hours 
and kept in the refrigerator overnight. A small amount of precipitate had formed; 
this was centrifuged and the clear supernatant liquid was used for injection into 
rabbits. Four rabbits received a subeffective dose of standard Serum 624 to- 
gether with 1.5 cc. of absorbed Preparation 4; four other rabbits — Serum 624 and a 
mixture of 1.5 cc. absorbed Preparation 4 treated with 3 cc. of the pneumococcus 
broth concentrate; five rabbits were injected with the subeffective dose of Serum 
624 only, for control. All serum was given intravenously 6 hours after the intra- 
cutaneous injection of the organisms. 

The results sho^ra in Table III indicate that the concentrated 
pneumococcus broth culture filtrate failed to neutralize the therapeutic 
effect of absorbed Preparation 4. It thus appeared that if the broth 
culture filtrate does not neutralize the non-antibacterial therapeutic 
factor, it probably also does not contain its antigen, and that, there- 
fore, serum prepared by the standard method of intravenous injection 
of organisms only, should similarly contain this factor. 

Presence of the N on-Aiiiibactcrial Therapeutic Factor in Serum Pre- 
pared by the Intravenous Injection of Organisms Only 

The purpose of tliis experiment was to determine first, whether or 
not the non-antibacterial therapeutic factor can be demonstrated in 
serum prepared by the intravenous injection of organisms only, and 
second, whether it is type-, species-, or non-specific. For control, 
normal horse serum, and Parker’s so called an tipneumo toxin, prepared 
by immunizing horses vdtli the toxic, anaerobic, pneumococcus 
autolysate, were used. 

The Type I sera were absorbed with Tj-pe I, heat-killed, washed pneumococcus 
suspensions; the heterologous serum, normal horse serum, and Parker’s antipneu- 
motoxin were not absorbed with anj-^ organisms, because a test showed that they 
contained less than 1 mouse protective unit per cc. for Type I pneumococcus. 
Four Type I monovalent sera, one Type II monovalent serum, and one normal 
horse serum arc included in the tabulation of the results. The tests were carried 
out at different times on several different groups of rabbits. To determine whether 
the non-antibacterial factor could be demonstrated in a serum, other than anti- 
pneumococcic, one group of rabbits was tested with a scarlatinal, antibacterial, 
and antitoxic serum obtained from a horse that at no time had received any injec- 
tions of pneumococci. The dose varied from 2 to 5 cc. for each serum tested. The 
results of all the tests are summarized in Table IV. 
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Of the forty rabbits that were untreated in the various experiments 
none survived. The striking contrast between the survival rate (29.0 
per cent) of those receiving the subeffective dose of Type I serum 
only with that (81.4 per cent) of the rabbits receiving the additional 
injection of pneumococcus-absorbed T}T)e I serum, indicates very 
definitely the presence of a similar non-antibacterial, therapeutic 
factor in serum prepared by the intravenous injection of organisms 
only. The results with the Type II serum are almost equally striking, 
and suggest that this non-antibacterial factor is not t 3 rpe-specific. 
The apparent absence of the factor in the antipneumotoxin is of 


TABLE TV 

The N on- Antibacterial Therapetdic Factor in Standard Anlipneumococcic Serum 


Serum therapy 

Ko. of rabbits 
used 

No. survaved 

Survival 

None 

i 

40 

0 

per cent 

0 


31 

9 

29.0 

Subeffective dose of Type I antiserum -h 
absorbed Type I serum 

43 

35 

81.4 

Subeffective dose of Type I serum + heterol- 

17 

12 

70.6 

SubeSective dose of Type I serum -{- Parker’s 

22 

6 

27.3 

Subeffective dose of Type I serum -h normal 
horse serum 

10 

4 

40.0 

Subeffective dose of Type I serum -f- scarla- 
tinal antibacterial and antitoric serum. . . . 

10 

3 

30.0 


interest with regard to its mode of origin. The survival rates of the 
rabbits which received the normal horse serum and the scarlatinal, 
antibacterial and antitoxic serum, considering the smaller number of 
animals, are well within the range of survival of those treated with the 
subeffective dose only, the results indicating that this therapeutic 
factor probably is not non-specific. Considering the fact that stand- 
ard antipneumococdc sera contain, in addition to the antibacterial 
antibody, other therapeutic factors which apparently are non-anti- 
bacterial, one can understand more readil}' how equal doses, as re- 
gards mouse protective unit content, ma\" vary- in therapeutic ef- 
ficiency. 







Therapeutic Effect of Non- Antibacterial Factor per Sc and in Conjunction with a SubeJJeclive Dose of Serum 
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meet of ,ke Nc-AMHaCcrial T,,crapc„tic Factor for Sc 
It was essential to determine the effect if an, t ^ 
absorbed serum, that is known to rnnft, • ^ ^ Pneumococcus- 

when injected by itself without tire Stion 
dose of antibacterial serum Thic « - • ^ ^ certain subeifective 

information regarding the role of th expected to yield 

as of the mouse protective »abodv “ weli 

organism. absorbable by the intact 

Two preparations were n t. 

Snf f W absorbed Lrum ^ ‘“a been 

to with fte homologous pueum,^<; “ S T after absom- 

The dose of absorbed Preparation 4 for each rabvi ™"^ ^ P'r “■ 

Jed (ZTftiLj globulil p“r - a concen- 

treated that tlie final absorbed^ so 

demonstrable agglutinins, which Si! 

mune bodies not only by the SSS K f k ^ ^^ntralization of the im- 
be present on tlie intact organism may 

of mouse protective antibody which is s!'n amount 

sorbed preparations is of an antiblV ! in these ab- 

cannot be definitely stated as vet non-antibacterial nature 

the absorption of antibody an eouilihrl, ^P^bable tliat during 
certain small amount of antibodv rp reached wherein a 

must be stated that tlie absorbed ^”"°“^bined. Similarly it 

tain tlie total quantity of non-antibn Probably do not con- 

the serum since ‘some^^ o'f Tmav in' 

dunng the preapitation of antibody on the bacir^"'"^ adsorbed 
The results presented in Table V shn 
iarly m view of the fact that untreated^ ”h!- particu- 

this dose of pneumococcus (see Table lyf th^t 
rabbits is protected by the comolpio], V’ ^ number of 

sixteen rabbits treated with absLbed^P^^°'^^^'? 
iive treated wath absorbed Se„^ f -d one of the 

protected. A simul- 
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taneous titration of absorbed Serum 348 administered -nTth a standard 
subeffective dose of Sermn 624, indicates that approximately 0.5 to 
1.0 cc. is efficient for rendering it effective. The difference in survival 
rate between the absorbed Preparation 4 and absorbed Serum 348 
groups appears to be a matter of dosage more as regards the non- 
antibacterial factor than the antibacterial antibody, for the rabbits 
that died in the former group had a terminal septicemia, whereas two 
of the rabbits (Nos. 18 and 20) in the latter group died without any 
bacteremia but apparently by absorption of toxin from the marked 
focal lesions. Furthermore, it is important to note that in fourteen 
of the first twenty-one rabbits, the bacteremia was completely con- 
trolled. Whatever the nature of the residual mouse protective anti- 
body, the amount, contained in the doses that were used, is relatively 
so very small that one is led to think that either only a very minute 
quantity of the antibacterial antibody is required for the control of 
bacteremia, or else that it plays a secondarj’’ role particularly when 
septicemia becomes very marked. In the last three groups of rabbits 
(Nos. 22 to 36), one observes how with a relatively standard mouse 
protective unit dose, the bacteremia is more readily controlled as the 
dose of the non-antibacterial factor is increased. With the larger dose 
of the non-antibacterial factor, as in absorbed Preparation 4, most of 
the rabbits showed very mild dermal lesions as compared not only 
with control, xmtreated rabbits but also with those which received an 
insufficient dose. When one contrrists with this the action of a stand- 
ard subeffective dose that contains a relatively large amoimt of anti- 
bacterial antibody, in which case the dermal lesions are marked and 
death occurs frequently without bacteremia, the suggestion is very 
strong that the ultimate outcome of the infection depends to a great 
extent upon the non-antibacterial therapeutic factor. The effect of 
the non-antibacterial factor suggests that it opposes, in some way as 
yet unknown, the action of the products of infection which locally 
are responsible for a marked dermal lesion, and systemically are 
probably the cause of death. 


DISCUSSION 

The work reported in this communication is in line with an attempt 
to determine the mechanism of death and recoverj’ in pneumococcus 
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infection. The r61e of the antibacterial antibodies, which are capable 
of combining with the various constituents of the bacterial protoplasm, 
is ultimately, as was pointed out by Bull, to enhance phagocytosis of 
the organisms by cells of the blood and tissues. With the thought that 
the mere multiplication of organisms as so many microscopic par- 
ticles caimot logically be the cause of death, the view that phagocy- 
tosis is the chief factor which determines death or recovery appears 
to be unsatisfactory in many respects. The constituents which are 
isolated from virulent pneumococci in vitro and against which anti- 
bodies are demonstrable in the standard antipneumococcic sera, are 
non-toxic; yet when the intact, living organisms are introduced into 
the body of a susceptible animal, a most potent toxin is apparently 
elaborated. The question arises, therefore, whether antipneumococcic 
serum is effective only when through preventing the multiplication of 
the organisms it also prevents the formation of a lethal amount of 
toxin, or whether it possesses an action against this toxin as well. 

Since in the method of mouse protection, which is at present used 
as the criterion for determining the potency of antipneumococcic 
sera, the serum is injected simultaneously with a relatively very small 
number of organisms into the same body cavity, the function which 
is primarily involved is tliat which brings about their phagocytosis, 
and prevents the multiplication of organisms to the extent that a 
lethal dose of toxin is not produced. For this reason this method was 
deemed unsuitable in the present study. The dermal pneumococcus 
lesion of the rabbit was chosen because it provided a focus where the 
organisms may be localized and from which, under conditions which 
are unsuitable for the systemic multiplication of the bacteria, sufficient 
toxin may be absorbed to cause death of the animal. 

The first serum to be investigated was one prepared by the late 
Dr. E. J. Banzhaf, who immunized several horses not only by the 
intravenous injection of sedimented pneumococci (which is tlie routine 
practice), but also by the additional intramuscular injection of broth 
culture filtrates. Preliminary experiments showed that when certain 
similar doses, as regards mouse protective potency, of Banzhaf’s 
serum and one prepared by the standard procedure, were tested on 
rabbits with the experimental dermal pneumococcus infection, the 
former was found to be fully protective and the latter practically in- 
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effective. It was thus apparent that the protective effect did not de- 
pend only on the number of mouse protective units and that some 
factor which was not determined by the mouse protection test, was 
present in one serum and absent in the other, or else present in both, 
but in different concentrations. The subsequent experiments were 
designed to determine whether this factor was of antibacterial or non- 
antibacterial nature. By absorbing an antipneumococcic senun with 
a heat-killed suspension of homologous pneumococci it is possible to 
remove ahnostall (about99.5 per cent) of its mouse protective antibody. 
When this antibody was absorbed from the serum, prepared by im- 
munization with organisms and broth culture filtrates, and the remain- 
ing supernatant liquid was administered with a subeffective dose (see 
Table 11) of the ori^al serum, it was foimd that this combined therapy 
proved fully effective. It appeared, therefore, that the difference 
between an effective and ineffective dose was not only the antibacterial 
antibody (i.e. that which is absorbed with the intact organisms) but 
also another factor which is apparently non-antibacterial. Further- 
more, it was shown that a certain dose of such an absorbed preparation 
was by itself therapeutically effective in about half the treated rabbits. 
In the same experiment an analysis of the course of the bacteremia 
in the various rabbits indicated that either only a minute amoimt of 
the antibacterial antibody is required for the control of the bacteremia 
or else that it plays merely a secondary’’ role only when the septicemia 
becomes very marked. These results again pointed to the fact that 
the ultimate outcome of the infection is dependent to a considerable 
extent upon the non-antibacterial therapeutic factor. 

However, no definite causal relationship could be established be- 
tween the additional injections of broth culture filtrates for immuniza- 
tion and the presence in the serum of the non-antibacterial factor, 
because (a) a concentrated preparation of broth culture filtrate failed 
to neutralize it, and (6) standard serum, prepared by the intravenous 
injection of sedimented organisms only, also contained this factor. 
It was further demonstrated that the non-antibacterial factor is not 
type-specific, and that it is probably spcdes-specific. If this factor 
is of the nature of an antibody or an antitoxin, it must necessarily 
have its corresponding antigen. Such an antigen, by the very defini- 
tion of the non-antibacterial factor, is not present in the intact or- 
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ganism; a concentrated broth culture filtrate did not contain it; and 
judging from the results obtained in these experiments, it is apparently 
also absent in the in vitro anaerobic autolysates of pneumococcus; 
however, it is not inconceivable that it may originate from the pneumo- 
coccus in vivo. From this point of view, it is interesting to consider 
the recently proposed conception of Curphey and Baruch (18). On 
purely theoretical grounds, tliey proposed the possibility that the im- 
mune bodies developed in the course of lobar pneumonia include anti- 
bodies which are formed as a result of the products of tissue cell de- 
struction either per sc or in combination with certain bacterial products. 
On the basis of this conception, they have prepared antipneumococcic 
serum by immunization %vith pleural exudates from pneumococcus- 
infected horses. In comparing (19) similar doses, as regards mouse 
protective units, of their serum with that of standard serum, 
using the dermal pneumococcus infection in rabbits, they found the 
former therapeutically more effective; however, since standard sera 
were shown to contain a non-antibacterial factor, and on account of 
the fact that tlie volume of the doses of the two sera was not taken 
into consideration, one cannot definitely assign the greater therapeutic 
effectiveness to the mode of immunization. The possibility, never- 
theless, remains and deserves further investigation. It is also interesting 
to correlate the non-antibacterial therapeutic factor with Tillett’s (20) 
observations on the production of immunity in rabbits against viru- 
lent strains by injections of R pneumococci; this immunity was not 
type-specific, and the serum of rabbits thus immunized, although it 
contained no demonstrable mouse protective antibody, was, neverthe- 
less, capable of protecting normal rabbits against virulent Types I, 
II, and III pneumococci. 

The fact, that antipneumococcic serum was shown to contain a thera- 
peutically active non-antibactcrial factor, may have an important 
bearing on the serum treatment of pneumococcus pneumonia in man, 
and suggests many new problems some of whidi have been investigated 
and will be reported in the next communication. 

CONCLUSIONS 

1. Antipneumococcic scrum contains in addition to the antibodies 
against the various bacterial constituents, a non-antibacterial thera- 
peutic factor. 
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2. The non-antibacterial factor has been separated from the anti- 
bacterial antibodies by absorption with homologous, heat-kiUed, 
virulent pneumococci. 

3. The non-antibacterial factor is not type-specific; it is probably 
species-specific; it is not neutralized by concentrated pneumococcus 
broth culture filtrate. 

4. The therapeutic effect of the non-antibacterial factor was demon- 
strated on the experimental, dermal pneumococcus infection of rabbits; 
this effect is demonstrable when it is administered per se or in con- 
junction with a certain subeffective dose of serum. 

5. Evidence is presented for the assumption that the ultimate out- 
come of pneumococcus infection depends to a considerable extent upon 
this non-antibacterial factor. 
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INTRODUCTION 

While studjrag the process of contraction in blood coagulating 
under normal and abnormal conditions, red corpuscles were observed 
in the microscope field which were markedly larger or markedly smaller 
than normal. Moreover these peculiar forms appeared in the same 
preparations which had not shown them previously. As a survey of 
the literature revealed no similar observations, the formation of these 
structures was studied. It became necessary to follow the fate of the 
same corpuscle for hours at times in order to obtain definitive evidence 
that a normal red corpuscle could change into a macrocytic or a micro- 
cytic form. The following descriptions therefore do not represent a 
mere record of isolated morphological observations linked together 
by hypothesis, but they represent a more or less extensive series of 
functional and morphological changes that were directly obser\’-ed in 
one specific cell or group of cells during the course of seconds, minutes 
or hours; examples are given in the outline drawings and their legends 
which accompanj’’ this article. 


Technique 

The blood specimens were studied chiefly in hanging drop preparations without 
the addition of any diluent or foreign substance. Ordinarj’ micro culture slides 
wth two wells 18 mm. wide and 1.5 mm. deep were used. The cover-slips were 
the thinnest obtainable. Both slides and cover-slips were cleaned with a Bon Ami 

*.A prelirainar>- note was published in Proc. Soc. Exp. Biol and Med. 1930 
27, 620. ' ' 
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suspension, -washed in distilled water and with 95 per cent undenatured alcohol, 
then dried with a soft cotton clotli. Before use both were flamed with a Bunsen 
burner. 

The preparation was sealed -with petrolatum which had been boiled in water on 
3 successive da5'-s. The vaseline was applied to the four edges of the cover-slip 
before taking the blood drop. 

All observations were made with a Zeiss apochromat microscope and a 3 nun., 
1.4 N.A. oil immersion objective, except in some earlier work where a 2 mm., 
1.3 N.A. oil immersion lens was used. The oculars employed were K 10, K 15 
and K 20. The magnifications therefore ranged between 600 and 1200; the lower 
magnification was used most frequently. 

Measurements were made with an ocular micrometer (K 7 X) calibrated with a 
stage micrometer ruled in 0.01 mm. One scale division of the ocular micrometer 
with the 3 mm. objective and a tube length of 160 mm. equalled 2.6/i. An error 
in the estimation of 0.1 of a scale division thus represents 0.3;i. Though all 
measurements recorded in this paper therefore may possess an error of 0.3/i, it 
was deemed best to record them just as they were noted in the protocols. 

A Zeiss filament lamp with Florence flask light filters furnished the light. 

The blood was obtained from 10 apparently normal human subjects; 10 dogs; 
31 rabbits, and 21 guinea pigs. The present report is based on more than 100 
satisfactory preparations and each one was xmder continuous observation for 
periods lasting 1 to 6 hours. The slides were generally reexamined after 24 and 
48 hours, at times also after 72 and 96 hours. In some favorable instances 
observations were possible 12 to 14 days after the preparation had been made. 

Human blood was obtained by puncturing the congested finger tip with a tri- 
angular needle; in the other animals an ear vein was cut transversely. The site 
was alwaj's shaved when necessar)’- and then cleansed with undenatmed alcohol. 
The first drop was wiped off with gauze and the next freely flowing drop of appro- 
priate size was touched to a flamed cover-slip rimmed with vaseline and then 
inverted over the well of a slide. 

All specimens were generally prepared between 9 a.m. and 3 p.m. All observa- 
tions were made at room temperature. 

The hemoglobin content was determined with a Dare hemoglobinometer before 
taking the sample for microscopic examination. 

The red corpuscles of the various species were round or slightly oval discs, light 
yellowish brown in color, and all e.xhibited a more or less marked delle in the 
beginning of the examination. The transverse diameter varied in the different 
species and in the species itself. In normal, male human blood, variations 
between 5.6 to 8An were observed; the ordinary range however was less marked: 
7.8 to S.4/i. In dog the average transverse diameter was 7.8/1. In rabbit, chiefly 
males, the extremes noted were 5.0 to 7.8/1, the usual fluctuation being 6.5 to 
7.5/1. In the adult male guinea pig the diameter ranged between 6.0 to 8.4p.* 


^ For comparison see Biirker, K., in Bethe, A., von Bergmann, G., Embden, 
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OBSERVATIONS 

Definition of Macrocyte and Microcyte . — ^In the following pages the 
term macrocyte means a giant red cell which has been formed by the 
fusion of two erythrocytes; it has generally the same hemoglobin tint as 
a normal red corpuscle; its shape is roimd or slight^ oval with a trans- 
verse diameter of 10/i±; there is no delle; thickness measurements 
could not be made, but the general shape seems to be discoid since 
most of the visible surface lies in one focal plane. 

The term microcjde means a disc-shaped red corpuscle which has 
been seen fo rmin g from an apparentlynormal red corpuscle;its diameter 
is 5 jli±; its thickness on rolling over varies between 2.5 to 3/i (rabbit), 
and then it appears as a brownish yellow cylinder with rounded ends 
and parallel sides, though occasionally a slight entasis is observable; 
there is no deUe and the hemoglobin tint is originally always much 
deeper than that of a normal red corpuscle. No reliable thickness 
measurements were obtainable on macrocytes or blood shadows. 

These microcytes are probably identical with the bodies described 
by Quincke^ in pernicious anemia and perhaps also with those noted 
by Eichhorst’ in the same disease. In Eichhorst’s report, however, 
the diameter is given as one-quarter that of a normal red corpuscle 
which would be approximately 2/i; Quincke reports their diameter as 
4 to 6ja. In my work the microcytes were astonishingly uniform in 
diameter measuring approximately Sfx. 

The Formation of Macrocytes . — ^In the following description no dis- 
tinction is made between the various species of blood because the basic 
processes were the same in aU. It may be emphasized again that the 
present study describes the progress of changes which were seen in a 
selected single cell or group of cells. Necessarily a complete series of 
obser\'ations on one cell was obtained in relatively few preparations, 
but these were invaluable because they could sers'e as trustworthy 
guides in interpreting fragmentary e\udence. 

After a hanging drop preparation is made, immediate e.xamination 

G., and Ellinger, A., Handbuch der normalcn und pathologischcn Ph\-siologie 
Bcrlm, Julius Springer, 192S, 6, 1st half, pt. 1, 15. ’ 

• Quincke, H., Dculsch. Arch. hlin. Med., 1877, 20, 19. 

’ Eichhorst, H., Cnilr. v.ed. tVisscr.sch., 1876, 14, 466. 
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of the tliin, peripheral plasma serum edge usually discloses laking red 
corpuscles and shadows. Careful inspection of this area sooner or 
later reveals numbers of corpuscle pairs which touch each other to a 
varying degree; the delle of each is slightly marked or imperceptible. 
If such a couple is continuously examined it may be seen that the site 
of contact gradually increases until the two discs form an oval mass 
encircled at or near its equator by a delicate groove. Careful focussing 
discloses a whitish line in the middle of this groove and this line 
represents the apposed or fusing surfaces of contact. These apposed 
surfaces form a single septum which generally remains perceptible 
for some time. The septum finally disappears but its presence may 
still be indicated by slight peripheral indentations of the contour. 
Later these disappear also and now a round or slightly oval macrocyte 
is seen whose transverse diameter approaches or exceeds 10;u and in 
which no septum can be detected (Fig. 1, Group A). This rounded 
macrocyte possesses no delle and its entire surface seems to be prac- 
tically in one focal plane; its hemoglobin tint is apparently identical 
with that of a normal red corpuscle. None of these fused corpuscles 
was ever definitely seen in profile, but the evidence given indicates a 
disc shape.'* 

Fusing corpuscles of this type may be observed within 2 minutes 
after making the preparation, and the process may be complete in 10 
minutes or less. After its formation the macrocyte may show no 
apparent change for many minutes; within 30 minutes however the 
structure usually begins to pale. This fading often takes place 
abruptly and occasionally is initiated by a slight general jerk which 
does not deform the contour of the macrocyte. Now in less than 1 
second the hemoglobin has left the giant corpuscle and only a shadow 
of the same size and contour remains. This astonishing speed of 
hemolysis accounts for the sudden disappearance of corpuscles which 
were lost while tlie eye was momentarily glancing at some other section 
of the field. For example a giant corpuscle without septum or delle 
and "with the hemoglobin tint of a normal red corpuscle was carefully 

* Several times macrocytes were observed slowlj’ changing from a round to an 
oval shape and then back to the original round contour; possibly this represents a 
rolling over of the corpuscle; it may, however, have been caused by variations in 
stroma tension. 
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observed for 44 mmutes. Only a slight paling in color became notice- 
able and the outline of the cell had exhibited slight, local, transitory 
bulgings during this period. This macrocyte suddenly disappeared 
while the eye was inspecting another portion of the field. There were 
no currents or sudden contractions of the field at the tune. The newly 
formed shadow may exhibit a slight yellow tint or it may be paler than 
the background. 

The process outlined above does not always advance as smoothly 
as the description perhaps indicates, nor does it always end in hemoly- 
sis. The stages intervening between the moment when two red cor- 
puscles touch and the laking of a resultant giant form may vary 
considerably in duration in different samples of blood from the saine 
species and from different species. The fusion may be completed in 
2 nunutes; it may consume 25 minutes or more; the fusion may remain 
incomplete, a median septum being visible up to the time of hemolysis , 
or finally the two apposed corpuscles may separate after a time without 
any change in contour or hemoglobin content. 

Fusion occurs not only between two apparently normal red corpuscles , 
it may be observed between a red corpuscle and a microcyte (Fig. 1, 
Group B) or between two microcytes (Fig. 1, Group C). The course 
of events is essentially the same in all. 

Washed Corpuscles . — number of experiments on the incidence 
of fusion in washed rabbit and guinea pig corpuscles were made. 
About 0.5 cc. of blood was shaken with 9 cc. of mammalian Ringer 
solution and then centrifuged. This was repeated 4 to 6 times and 
then a hanging drop was prepared. In these slides fusing red cor- 
puscles were noted after 2 to 4 hours, except in one instance w'here 21 
hours elapsed. In this latter instance the fusions were exceptionally 
plentiful. 

Slagnaling Blood . — Some experiments ware also made to study the 
influence of stasis on the production of macrocytes. The stasis was 
produced in the rabbit by clamping the lateral ear vein after folding the 
ear longitudinally; in the human subject the finger was tightly com- 
pressed by means of a rubber tube after congestion had set in. The 
duration of stasis varied between 5 to 10 minutes. Both in rabbit 
and human blood, fusing corpuscles appeared 5 to 8 minutes after 
making the hanging drop and were not more numerous than under 


556 


““ ™»raCLES, MACEOCETES 

"® mceocyies 

’Editions. Tr, , . . 


conditions. »ceocy.s 

P“S ”7a“ -as resected 

Puscles Were seen af 77^^ I^n fi • ^ oi'der 

P'8- Fibrin ar^* f ■" preparatiot ”- 

' - o;r“L:;i:r 

F If rile blood dots fair? . ^ «®bangingdrop 

caused by *°'’ 

appe^JVia" f -iO- Tq^al !b"'’™P‘'F *f»™ed to a 

rile remaining ando ” alteration of hemo"^^i?^** ^ star-shaped 
^acoils ivia ^tap or X “ ‘“‘' S“'i'ia”'r 

at the sites Xre" hVhh''"''^ 

definitely smaller than th^^'? puJJed Projections 

Js deeper and a dehe eorpusdt^^'f " '' 

seconds the stubs disann detectable ^ T ^ ' the hemoglobin 

transverse diamefp a perfert ^ ^ tew additional 

^^holeprocet ma?h ^oen Cf? vdtia a 

'-.i...i.r j ,r*- ; .« ™. £.i “-P w. ». 

• ^be literature bear' fiWnea pig 

‘ Exp. Biol. a„d Med., 



JOHN ATJER 


557 


but also in rabbit and human blood. In rabbit blood tbe time con- 
sumed was 2 minutes and 80 minutes in human blood. 

2. A second method is as follows : A red corpuscle is stretched by two 
opposite fibrin threads into a spindle form. During observation the 
spindle corpuscle becomes smaller, generally sy mm etrically, and the 
hemoglobin tint deepens until a spindle-shaped microcyte is formed 
(Fig. 1, Group E). The change may be complete in 3 minutes; it was 
observed in dog, rabbit and guinea pig. 

At times one may observe repeatedly that the same spindle corpuscle 
becomes thiimer and longer and then shorter and thicker. During 
the stretching period a few small projections may appear on a section 
of the corpuscular surface. After formation of the microcyte these 
projections appear as short, pointed crenations which disappear in a 
few minutes. 

3. The third method was observed in a rabbit blood preparation 
25 hours old. This blood had coagulated and a section of the peripheral 
dot as well as of the centre had simk away from the cover-slip. 
Adjacent parts of the periphery exhibited round or oval red corpusdes 
arranged in a single layer like an epithelioid border. These corpuscles 
showed no deUe, even on oblique iUmnination and measured 6.5jt 
in diameter. While observing this field, a stream of red corpusdes in 
single file began to flow with moderate speed from the periphery 
towards the serum centre of the drop. The corpuscles traversed a 
tortuous path, colliding with stationary corpuscle groups, leucocytes, 
fibrin networks or squeezing their way between these obstructions. 
During this obstacle race one or another of the red corpuscles was 
abruptly anchored in the fairway by a fibrin thread which suddenly 
appeared on one side of the corpusde. The originally round or oval 
structure now elongated and retracted, swajdng on its fibrin filament as 
it was buffeted in the narrow channel by the passage of companion 
corpusdes and serum. At times this fixation was but momentary; 
the fibrin thread ruptured and now a pear-shaped corpuscle hurried 
on its way, retracting during inspection first into a coarsely crenated 
form, then into a thorn-apple form with more numerous and more 
pointed crenations, and finally into a t>-pical microcyte covered on all 
visible surfaces with still more numerous fine, thin spicules. These 
delicate spicules disappeared during observation and now a tj-pical 
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microcyte 5/i in diameter, with smooth surfaces and dense hemoglobin 
tint had been formed (Fig. 2, Group G). The time consumed in the 
transition from pear shape to the coarsely crenated form may be less 
than 1 second; the next stages to the final microcyte may be completed 
in 5 to 10 seconds. 

If the pear-shaped erythrocyte is fixed for a longer time in the 
stream bed, one observes that botli the fibrin thread and the corpuscle 
elongate when passing cells brush by. During one of the recoveries 
from these distortions, a few crenations suddenly appear. These 
crenations become more numerous and finally when the fibrin anchor 
breaks, a coarsely crenated corpuscle rolls down the passageway. 
The whole process may be completed in 5 to 10 seconds (Fig. 2, 
Group H). This crenated form generally does not change to a micro- 
cyte during subsequent minutes. 

The rapid changes described above were observed only when the 
corpuscle was subjected to distortion. If traumatism was lacking, if a 
corpuscle passed slowly through the chamiel and exliibited but little 
change in contour during its transit, this corpuscle preserved its round 
or oval shape, hloreover, the entire change of form exhibited by the 
corpuscles was produced during passage through tlie channel and then 
the structures maintained their attained shape in the quiet central 
serum pool for at least 30 minutes. In this central serum pool the 
forms were arranged roughly from the periphery to the centre as 
follows; Coarsely crenated or round corpuscles, finely crenated 
corpuscles and then microcytes. 

The transformations described above were noted dozens of times 
during a 44 minute period of observation in one rabbit blood specimen. 
The same complete process was also seen in another rabbit preparation 
which was 2 hours old. Various stages of the process were also noted 
in human and guinea pig blood. 

4. The fourth method of producing microcytes is this: The hemo- 
globin stroma of a corpuscle suddenly retracts or contracts witli a jerk 
into a rounded, dense, yellow-brovm mass whicli separates smoothly 
from a section of the surface pellicle and darts to one side of the red 
cell, leaving a space filled vith clear liquid. At the same time the 
corpuscle may become pear-shaped as if anchored by an invisible 
fibrin thread (Fig. 2, Group I). The free section of the surface layer 
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now appears as a grayish white, fairly refractile and apparently doublj’- 
contoured pellicle which resembles the wall of a blood shadow. There 
is no observable change in that part of the surface layer which remains 
in contact with the hemoglobin mass. The whole process occurs with 
startling abruptness and is complete in a fraction of a second; it was 
directly observed only twice in my entire experience and in both 
instances occurred in preparations from two different rabbits. In one 
of them (Fig. 2, Group I) the corpuscle involved had been continuously 
watched for 77 minutes in order to observe the process of laking when 
the retraction took place. During the next 37 minutes the sheath 
of the microcyte became somewhat smaller, but remained pear-shaped 
and its contents clear (Fig. 2, Group I). 

Although the process itself was only seen twice in action, its results 
were noted frequently in guinea pig, rabbit and human blood. In 
guinea pig blood this type of microcyte appeared within 30 minutes 
after making the hanging drop; in rabbit blood within 1 to 25 hours, 
and in human blood within 50 minutes. 

In both guinea pig (Fig. 2, Group K, No. 4) and human blood, 
short fibrin threads were seen attached to the apex of the pear-shaped 
pellicle; in other instances however the pellicle showed no fibrin thread 
and no definite deformation of contour. 

The liquid contents of the space between the microcyte and pellicle 
is not always clear, but may show a slight yellow^ tinge as if some 
hemoglobin had gone into solution. 

IMicrocytes of the tjqje described in this section are perhaps not 
formed solely from ordinary red corpuscles for apparently the same 
process may occur in fusing red corpuscles. In Fig. 2, Group K, 
Nos. 2 and 3, pairs of t}q)ical microcytes are sketched which are or 
were enclosed in a single pellicular sheath. The development of these 
microcyte pairs w’as not seen, but it seems legitimate to interpret 
them as e.xamples of the TjTre 4 process occurring in fusing corpuscle 
pairs. It is interesting to note on the basis of this interpretation that 
the force of the stromatic contraction or recoil was so \iolent that 
rupture at the site of pellicular fusion occurred (Fig. 2, Group K 
No. 2); furthermore. No. 3 demonstrates that the entire hemoglobin 
stroma may tear away from the surface layer, so that the resulting 
microcyte lies loose in a sheath like a coin in an old-fashioned purse. 
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Reversibility of the Process Forming Microcytes . — The reversion of a 
typical microcyte to a fairly normal erythrocyte was seen only once, 
but this single instance was especially valuable because the formation 
of this macrocyte by the process sketdied in Fig. 1, Group E, had been 
directly observed. This single red cell therefore was first changed to a 
microcyte and then back to a fairly typical erythrocyte. The trans- 
formation occurred in a specimen of rabbit blood. After formation of 
the microcyte this structure suddenly moved in the field and now two 
fibrin threads at opposite sides became visible. During inspection, 
the microcyte elongated into a stubby spindle, due to the pull of the 
fibrin filaments. After a while the fibrin threads suddenly were seen 
to break at tlieir peripheral attachment and roll up into two, fluffy, 
slightly retractile balls winch came to rest on opposite sides of the 
cell. At the same time that the fibrin threads ruptured, the spindle 
microcyte swelled in its transverse surface diameters, became perfectly 
round and now exliibited a definite central delle. The hemoglobin tint 
was paler than that of tlie parent microcyte and the size of the cor- 
puscle was slightly smaller than that of a normal erytlirocyte (Fig. 2 
Group F) . It is therefore clear that the process of forming a microcyte 
of this Dpie is reversible, and that the essential arcliitecture of a red 
corpuscle is not destroyed by its compression into a microcyte. 

Stagnating Blood . — ^No increased production of microcytes was 
seen in preparations of blood which had been previously allowed to 
stagnate for 5 to 10 minutes in its normal channels. 

Bone Marrow and Spleen . — In hanging drop preparations made with 
Ringer solution or physiological saline, no increased formation of 
microcytes was seen. As in ordinary blood specimens, microcytes 
appeared ndthin 3 to 6 minutes after making the suspension; most of 
them possessed numerous, very tliin, short spicules and seemed to be 
formed via the crenation route. No attempt was made to follow the 
process in a single cell. The microcytes became more numerous with 
increasing age of the preparation. 

DISCUSSION 

In the folloving analysis of the chief morphological and functional 
manifestations obsen."cd in red corpuscles, it must be remembered 
that these changes were studied on blood which was coagulating or had 
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coagulated in a miniature, sealed, moist chamber at room temperature. 
No distinction is made between the various species of blood because 
the general processes appeared to be the same in aU. It may be 
permissible to point out again that most of the experimental data 
were obtained from the guinea pig, rabbit and human subject and that 
the described procession of changes was directly observed in a selected 
cell or group of cells. 

Formation of Macrocytes and Microcytes . — ^The evidence presented 
on preceding pages gives convincing proof for the first time to my 
knowledge, that erythrocytic macrocjdes and microcj’tes form at 
room temperature in hanging drop preparations of normal, rmdUuted, 
coagulating blood. It is doubtful whether or not these changes occur 
imder normal conditions in the capillary chaimels and sinuses of the 
body. The few e.xperiments with stagnating blood and with bone 
marrow and spleen pulp reported previously are inadequate for a final 
answer, but as far as they go, they speak against this assumption. 
It may be noted however that the spleen and bone marrow experiments 
were not exactly comparable to the blood preparations, because 
physiological saline or Ringer solution had to be added; in addition 


all the spleens examined were in a state of strong contraction. It is 
conceivable that red corpuscles enfeebled by age, mo\Tng slowly 
through the crowded sinuses of the spleen might readily exhibit some 
of the changes described above (Fig. 2, Groups G and H). Similarly 
tmder pathological conditions, for example the various types of 
anemia, it is possible that some of the macrocytes and microcj'tes 
may be of peripheral origin; Nageli’s macrocyi:es’ in chlorosis may be 
the result of a fusion between red corpuscles. 

Since red corpuscles may fuse when apposed border to border, it is 
conceivable that the same fusion will take place when the flat surfaces 
of red corpuscles are touching each other. This process, however, I 
have never definitely seen. Numerous times red corpuscles of normal 
size and contour were encountered which had a hemoglobin tint as 
deep as that of microcytes. Possibly' they' were formed by' the fusion 
of microcytes (Fig. 1, Group C) or by the process mentioned above. 

Membrane or Condensation Product . — ^The obscr\"ations made on the 


X.igcli, O., in Schittcnhelm, .-t., Handbuch der Krankhelten 
dcr blutbildcnden Organe, Berlin, Julius Springer, 1925, 1, 22. 
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formation and laking of macrocytes throw some additional light upon 
the old and much discussed problem whether a true, anatomical, 
delimiting membrane exists in the mammalian erythrocyte, or whether 
the surface layer is a condensation product of the stronja.® 

Without entering into unnecessary detail concerning this perhaps academic 
problem, it seems that the observations recorded in this paper indicate that the 
surface laj'er is rather a condensation product of the stroma than a fixed, definite 
anatomical membrane. Thus when two corpuscles begin to fuse, the apposed, 
now intracorpuscular surfaces seem to separate within a few minutes into tlieir 
constituent fibrils and become integral parts of the macrocyte stroma. The 
progress of this incorporation appears to be indicated bj’- the gradual disappearance 
of the surface groove, of the septum itself, b)'- the appearance of a round or slightly 
oval shape, and by the redistribution of hemoglobin so as to form a homogeneous 
tint when a dense microcyte fuses with a corpuscle of lesser hemoglobin concentra- 
tion (Fig. 1, Group B). Upon laking, the macrocytic shadow reveals no septum if 
the fusion was complete; if incomplete, a partition separates the shadow into two 
compartments. Hemolysis at times discloses a septum when none was visible 
in the macrocj'te. 

In one interesting observation (Rabbit X 3-115) there was evidence that up to a 
certain point the process of changing the septum into stroma fibrils is reversible: 
an oval macrocyte 9g long witli a single septum was under observation until the 
septum became invisible and only a slight indentation of the outline still betrayed 
the pull of its fibrils. Upon hemolysis of this macrocyte, three round shadows 
appeared, each touching its two companions; the diameter of eaclr shadow was 4g. 
ITere apparentl)'' the original surfaces of the three microc 3 "tes were reformed when 
hemolysis occurred. This observation, however, is unfortunately incomplete: 
the hemolysis was not observed directly; it took place while the eye was inspecting 
another section of the field. Upon return to the place formerly occupied by the 
macrocyte, the three microcyte shadows were found in its stead. No other 
noticeable change had occurred in this field. 

An additional indication that the surface Ia 3 ’'cr is a modified stroma, is the 
presence of a pigment, probabty hemoglobin, in the surface layer itself: when two 
corpuscles fuse, the apposed surfaces present themselves as a whitish, moderately 
rcfractilc septum which resembles the w'all of a blood shadow. Incorporation 
of the septum apparently begins b 3 ’ removing the pigment bound to the surface 

® For a review of the literature see Michels, N. A., Hacmatologica, Recensioni, 
1931, 2, No. 3, 32 (reprint); Stewart, G. N., J. Pharmacol, and Exp. Thcrap., 
1909-10, 1, 74; Brodersen, J., in von Mollendorf, W., Handbuch der mikroskop- 
ischen Anatomie des Mcnschen, Berlin, Julius Springer, 1927, 2, pt. 1, 596; 
Knimbhaar, E. B., in Cowdr 3 -, E. V., Special cytology. New York, Paul B. Hoeber, 
1928,1,279. 
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layer. The ready visibility of the extremely slender spicules often seen on crenated 
microcjdes also indicates the presence of a pigment in the smlace la 3 ’er. 

Siaie of Corpuscular EemogloUn .^ — It is inferred by many in- 
vestigators that hemoglobin exists in the corpuscle as a loose physico- 
chemical compound. In the present paper evidence has been pre- 
sented that the hemoglobin of an intact corpuscle may be present in a 
bound, tmdissolved form (Fig. 2, Group I). In these observations 
the hemoglobin stroma was seen tearing away from the surface layer 
and contracting into a rotmded dense brownish yellow mass, leaving a 
clear liquid between itself and the surface layer. The clear liquid 
possibly represents material which was present in the hemoglobin 
stroma interstices, mixed perhaps with serum components which 
filtered through the surface layer. Obviously no volmne determina- 
nations of the various stages observed could be made. 

Hemolysis . — The laking of macrocytes was observed numerous times 
and three different types could be distinguished. The fulminant tjqDe 
in which the hemoglobin is lost in a fraction of a second, has already 
been described. In the second type, the initial loss of hemoglobin is 
rapid; but then the process slows and many minutes pass before the 
macrocyte attains the same tint as the surrounding serum (Fig. 1, 
Group A). The third tjqje is characterized by a slow, equable, loss of 
hemoglobin during 20 to 80 minutes. 

The fulminant type is particularly interesting because of its startling 
abruptness and because the resulting shadow is at times paler than 
the background. Although the available data are insufficient to permit 
a full analysis yet a picture of the process may be constructed if these 
data are joined together by some assumptions. The observational 

® For a general survej' of hemolj-sis see Stewart, G. N., J. Pharmacol, and Exp. 
Therap., 1909-10, 1, 49-121 ; l^Iond, R., Proloplasma, 1927, 2, 126-134; Ponder, E., 
Bril. Med. J., 1927, 2, 295-298; Brinkman, R., in Bethc, A., von Bergmann, G., 
Embden, G., and Ellingcr, A., Handbuch der normalcn und patliologischcn 
Phj-siologie, Berlin, Julius Springer, 1928, 6, 1st half, pt. 1, 567-585; Brodersen, 
J., in von Mollcndorf, tV., Handbucli der mikroskopischen Anatomic des 
Mcnschcn, Berlin, Julius Springer, 1927, 2, pt. 1, 607; Krumbhaar, E. B., in 
Cowdry, E. V., Special cj'tolog\’, New York, Paul B. llocber, 1928, 1, 392. 

The limitations of the method employed in this work prevent the separation of 
hemoglobin and stroma in analvr.ing hemoU'sis. 
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facts in fulminant hemolysis are: (1) a slight, momentary, general 
jerk of the macrocyte precedes hemolysis; (2) this jerk does not 
deform or tear the surface layer; (3) after the jerk, the hemoglobin 
leaves the macrocyte in a fraction of a second; (4) the visible surface 
area of the macrocyte and tire resultant shadow are the same; (5) the 
shadow is paler at times than the surrounding serum. Since it has 
been demonstrated that the hemoglobin stroma of a red corpuscle 
may retract or contract with a jerk (Fig. 2, Group I), it is justifiable 
to interpret the initial jerk as a sign of vigorous, general stromatic 
shortening. Since the macrocytic shadow contained little or no 
hemoglobin, it may be inferred that most of the hemolysis occurred 
at or in the surface layer. This supposition demands a concentration 
of the hemoglobin in a non-dissolved form at the internal surface of 
the macrocyte. Such a concentration could be readily produced if 
the hemoglobin stroma ruptured in the equatorial portion of the 
macrocyte, at the site perhaps where the original, component cor- 
puscles fused, while its anchorage to the surface layer remained intact. 
Ruptures approaching this type are sketched in Nos. 2 and 3 of 
Fig. 2, Group Under these conditions the retracting or con- 
tracting hemoglobin stroma would impinge with some force on the 
inner aspect of the surface layer and this force could drive the hemo- 
globin into the surrounding medium if solution of the hemoglobin 
occurred at or in the surface layer. Evidence of this force is seen in 
No. 2, Group K, where the surface layer was ruptured. 

What the particular change in the surface layer is that brings about 
hemolysis cannot be answered with the data at hand.” It may be 
stated, however, that tire surface layer reveals other clianges whicli 

This type of tearing of the stroma was never seen directly, but its results are 
not infrequently noticed in hanging drop preparations. A slow, gradual con- 
centration of hemoglobin into a peripheral ring was observed in ordinary red 
corpuscles and in microcodes, but never in macrocodes; in these instances ap- 
parently, a slow relaxation of the central stroma occurred without hemolysis. 
Ring-shaped concentrations of hemoglobin have been described and figured by 
Jilaragliano, E., and Castellino, E., Z. klin. Med., 1892, 20, 427, Plate V, Series G, 
Fig. 7. 

” See Ponder, E., Brit. hied. J., 1927, 2, 295-298, for the various heraolodic 
so’stems; and hlond, R., Proloplasma, 1927, 2, 126, for the pho'sicocliemical basis 
in non-specific hemoh'sis. 
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indicate a loss of elasticity and flexibility. This increased rigidity 
develops rapidly and immediately precedes hemolysis. Thus the 
macrocyte may exhibit transitory, local, broad based biflgings of slight 
depth some minutes before fulminant hemolysis, indicating the 
presence of flexibility and elasticity, yet the initial general jerk caused 
no change in the contour, nor did the subsequent expulsion of hemo- 
globin produce any change in size of the visible surface area; in addition 
the surface layer lost its pigment and became at once grayish white and 
slightly retractile. All these obser\^ations point to alterations of the 
surface layer which may well be associated with one that induces 
hemolysis. 

The other two tjrpes of spontaneous hemolysis observed in macro- 
cytes are explicable on the basis of stroma contraction and intra- 
corpusciflar hemolysis plus diffusion, or only intracorpusciflar hemoly- 
sis with diffusion may be operative. The initially rapid and then slow 
loss of hemoglohin may thus be caused by a contraction of the hemo- 
globin stroma towards the surface layer which is at first rapid enough 
to expel the dissolved hemoglobin forming at or in the surface layer, 
but which then slows sufficiently for the hemolytic process to progress 
from the surface layer to the intramacrocytic hemoglobin stroma so 
that dissolved hemoglobin is liberated in the macrocyte itself; this 
dissolved hemoglobin then diffuses out of the macrocyte. In this 
tjqie of hemolysis no initial jerk of the macroc}d;e was seen, indicating 
that the stroma contraction if present was gradual in its onset. In 
the last t}q)e, it is probable that intramacrocjflic hemoh'sis occurred 
from start to finish; this liberation of hemoglobin in a dissolved form 
appeared to be slow, for the macrocj'te never looked transparent, but. 
was alwaj's opaque. 

Volume Changes . — ^No volume determinations of macrocj'tcs were- 
possible because these structures did not roll over so as to permit, 
thickness measurements. Occasionally, it is true, a temporarj',. 
lenticular outline was obser\'ed, but I never could decide whether this 
represented a side ^^ew or a variation in the contractile state of the 
stroma. In macrocytic sliadows also no depth measurements were- 
feasible because of their stationary' position. With microcytes, on 
the other hand, thickness could be measured a few times in rabbit 
blood. As reported on page 553 these microcytes on side \iew were 



566 


EED 


COSPUSCEES, MACEOCYTES Avn 

"ICEOCYTES 

rh 1 


cylindrical, ,„-th a a “ceocyyes 

diameter of the ^1“'^ '™8 and 7 s, , 

aa a cylinder tlie llun! " ’™a generaliv f ' 

of a uo™!, >^ccause of ™-'™cy 

cylinder witii flat" e corpuscle (7 x 7 , ™'®*d ends. Tl 

duction.= fortL '™“'d be 86 6n» „M calculated as 

“■d/d. It aS ^‘'8“ »d the'drire? “ “ P“ cent * 

''olume tiian a nomalTd““‘ ”‘c™cyte has d T-™" '™““ ''' 
Since hemogUfa “"P^cie. *&dely a smalle, 

volume, the failure o/ ' “ considerable fractio r 
area after fulminant c-vhibit a dee” coipuscular 

already been subnutteA''“n cequires evplanar”*'*'^ "'‘‘"'““‘'face 
surface layer iTZ lll^ “dicates an ° a .^"‘'“ce has 
globin could only be co”® ““cmcyte and therefoTlI ”®*'‘y of lie 
sides towards each ”'Pcnsated by a coUanse*^^? “f ic™- 

“10 the shadow «?;*■’“' '^^.‘icentmncroftn-A "’““cued 
sliadow was occasion^ it °f liese tV components 

scound for a p S ^ ttan the hemo ° 

'f seems prob^rth/t '“'“»ant S;^“-s'™ed bach- 

fattened sides so thnf- ^ caused i occurred, 

Sradual diange of the” finckness of the "“‘‘Pse of the 

perhaps attributable to 'he color t The 

shadow through thene ''".''“"ce of the surroimA- hscfcground is 
side view- of such shado™'””^''^ surface laj-er. T, ■ “* "“o the 

Elasticity, FlcxiiiUtJ'^sT^'^ obtained. cegrettable that no 
pnerally attributed to fh ^•’'"'‘mity 

layer, and witl, them ?" corpuscle 1' * maiities arc 
of some if not a “oTth! PerW the surface 

T. G. H, I Ld $ ^''cW.edrF;vrr‘““P'“ation 

elongate and shorten is not Ilf™''' "c'iced thi^tc Groups D, 

hemoglobin stroma. I„ Or ^ in the Lrf, “P“^ 

■'For . , “P" T*- E and and the 

ISM ig'f"-'™'"®"’™ of single rede corpuscle 

'Vcicter doiucl ,“?n ■ ’’“l “'=■> Gstec "'*ter, H z ,, 

rounded edges and^he aa,"”/™'” ““ 924 9 af 

p S. ond smaller values i„ ip™ “ Eo-metrleal method. 

Sheep and goat. 


JOHN AUER 


567 


elongates and shortens as a whole while in Groups I and K practically 
only the hemoglobin stroma shortens vigorously and abruptly, the 
surface layer having lost most of this capacity. Furthermore the 
surface layer and hemoglobin stroma show local variations in extension 
and shortening which exhibit themselves as mamillary and papillary 
bulgings. In Groups G and H these papOlae were apparently the re- 
sult of repeated, transitory rises in intracorpuscular pressure. The 
papillae were short, broad based, with a blunt tip at first; more or less 
rapidly these coarse crenations may become progressively thinner, 
more pointed and, curiously enough, more numerous while the cor- 
puscle decreases in size and assumes a deeper hemoglobin tint. Finally 
the resultant spicules disappear and now the surface layer has ap- 
parently shortened so as to present a perfectly smooth outline and 
surface. 

The conditions under which a dense microcyte without delle enlarges 
to a fairly normal red corpuscle with a deUe, are less easily accounted 
for (Fig. 2, Group F). The appearance of fibrin filaments indicates 
that the microcyte content was under tension and that the per- 
meability for intracorpuscular fibrinogen*’ was locally increased. 
What role the stretching of the microcj^e played in producing the 
final transformation cannot be stated. As no thickness measurements 
were possible, we do not know whether the increase in size was due to 
the entry of serum liquids or whether the surface layer and hemo- 
globin stroma relaxed, becoming wider and thinner without any sig- 
nificant voliune change. 


SUMMARY 

In hanging drop preparations of normal blood from various species 
of animals including man, the following processes were directly 
observ'cd for the first time: 

1. The process of fusion between two red corpuscles so as to form a 
round or slightly oval macrocj^te with normal hemoglobin content, a 
diameter of 10/x± and no delle. 

These rnacrocytes appear to be slightly thicker in the centre than 
at the peripherj'. No thickness measurements could be made. 


” Horino, K., J. Biochcm., 1928, 9, 437. 
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2. The process of fusion between two microcytes each 5ja± in 
diameter, so as to form a red corpuscle of approximately normal size 
but with dense hemoglobin and no delle. . 

3. The process of fusion between a red corpuscle and a microcyte, 
forming a macrocyte slightly larger than a normal red corpuscle and 
exhibiting a normal hemoglobin tint but no delle. 

4. The process of microcyte formation from red corpuscles was seen 
occurring in four different ways: (a) By the intermittent compression 
of a single red corpuscle by the pull of three or more fibrin threads 
attadied to the corpuscle, (b) By the steady, continuous compression 
of a single red corpuscle by the pull of two polar fibrin threads, (c) 
By intermittent rises of intracorpuscular pressure in a red corpuscle 
due to trauma, (d) B}!- avulsion and retraction or contraction of the 
hemoglobin stroma from tlie intact surface layer of a red corpuscle. 

Tluckness measurements in single microcytes were made in rabbit 
blood. 

5. The process of a typical microcyte with dense hemoglobin and 
no delle clianging back to a fairly large red corpuscle with practically 
normal hemoglobin tint and with a delle. 

6. hfacrocytes were seen expelling their hemoglobin in a fraction 
of a second and turning into shadows which were often paler than the 
background, but mthout any decrease in the visible surface area or 
change in the contour. 

7. Extensibilit}’- and retractibility (or perhaps relaxation and con- 
traction) may be exhibited by the corpuscle as a whole, by local sec- 
tions of botli surface layer and stroma, or retractility (contractility 
(?)) may be shonm by the hemoglobin stroma alone. 

On the basis of observational evidence it is inferred that: 

1. The surface layer of a red corpuscle is probably a condensed 
stroma rather than an anatomicall)’' defined membrane. 

2. A pigment, probably hemoglobin, is present in the surface layer. 

3. The surface layer of red corpuscles becomes rigid before or during 
spontaneous hemolysis. 

4. Hemoglobin e.xists in an undissolved form in tlie intact red cor- 
puscle. 

5. The transverse diameter of microcytes (5/izfc) represents the 
maximal shortening of which this diameter is capable in normal red 
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corpuscles of man, rabbit and guinea pig rmder tbe conditions 
studied. 

6. Fusing red corpuscle are destroyed by repeated wasbings witb 
Ringer solution. 

7. In stagnating blood there is no increase in fusion forms, nor in 
the production of microcytes. 



Fig. 1 


Grotip A . — ^Hiiman blood (A.G.P.); X 4-87. Hemoglobin 80 to 90 per cent (es- 
timated). 2.37. Hanging drop prepared; room temperature 25.8°C. 3.10. Fusing 
reds IS^u; constriction, septum well marked. Hb tint normal; no delle. 3.12. 
Septum gone; Hb as before; constriction marked; diameter no change; no delle. 
3.13. Constriction shallower; no septum; Hb same. 3.15. Outline now smooth; 
no septum; Hb same; 13x9.1^. 3.18. Rounder; 11. 7x9. 7ju;Hb same; no septum; 
no delle. 3.23. Same. 3.25. Slightly smaller, 10.4 x 9.1/i; Hb same. 3.31. 
Same; 10.4 x 9.1;a. 3.38. Same. 3.39. Perhaps slightly paler. 3.40. Quite 
pale; perhaps slight constriction on upper side, 3.44. Very pale; difhcult to 
measure, 11.7 x 9Aij.. 3.47. Same; room temperature 25.7°C. 3.49. 10.4 x 8.4;i; 
difficult to measure; slightly oval. 3.51. Same. 3,59. Barely perceptible; almost 
same color as background. 4.05. No longer seen. 

Group B. — Black-gray rabbit, female, 2400 gm. ; not pregnant; X 3-135. Hemo- 
globin (Dare) 66 per cent. Room temperature 22.6°C. 1.25. Hanging drop 
prepared. 1.38. Fusion of red corpuscle and microcyte; septum plain, with 
groove; Hb normal for each. 1.39. No septum visible; no delle. 1.43. Egg- 
shaped; no change in Efb. 1.44. Hb less than in original microcyte. 1.49. No 
change. 1.55. No change; oval. 1.57. Practically round; Effi same. 1,59. 
Again slightly oval; Hb perhaps slightly paler. 2.00. During observation pales 
abruptly; shadow same size. 2.01. Oval shadow. 

Group C . — Same rabbit as in Group B. Same preparation. Same day. 2.10. 
Two microcytes, dense Hb, beginning to fuse; no delle; septum marked 10.4 x 
5.8^. 2.12. Waist less marked, shifted towards one side; septum distinct; Hb 
dense 5.8 x 9.1/i. 2.15. Septum barely visible; 6.5 x 8.5/x. 2.17. Oval mass; 
dense Hb; no septum visible. 2.19. No change; Hb dense as in original microcyte. 
2.22, Rounder; Hb same. 2.25. Slightly oval; Hb same. 2.27. Practically 
round; no delle, 7.8 x 8.4;u; Hb same; no septum. 2.29. No change, 2.31. No 
change. 2.32. Suddenly pales. 2.32i. Shadow 7.8 x 8.4/u; round; same color as 
background; room temperature 21.8°C. 

Group D.— Guinea pig, male, 610 gm.; X 3-24. Hemoglobin (Dare) 106 per 
cent. 1.25. Hanging drop prepared. 1.26. Spindle and pear-shaped reds in 
periphery of drop. 1,29, See description of a pear-shaped red corpuscle changing 
to a microcyte on page 556. The fibrin threads at the angles of the corpuscle 
were not equally visible. The various shapes were maintained for a short period 
of time and the change then occurred with a snap. No measurements made; no 
time. 1.30. Typical microcyte. 

Group £.— -Guinea pig, male, 650 gm.; X 3-28. Hemoglobin (Dare) 109 per 
cent. 9.40. Hanging drop prepared; car vein. 9.41. Angulated reds in periphery 
of drop; no fibrin threads visible at angulations. 9.45. Spindle red observed 
becoming smaller; decrease symmetrical; Hb tint becoming deeper; no movement. 
9.47. Spindle red smaller; fibrin thread at upper pole longer, point of attacliment 
not visible; fibrin thread at lower pole visible for short distance. 9.49. Now a 
stubby spindle microcyte; dense Hb; no delle; total length from tip to tip 10. 4p, 
width 5.2(1. 

The same process occurred in a few seconds in Rabbit X 3-40; this blood prep- 
aration was 65 minutes old. 
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Fig. 2 

Group F . — Red rabbit, male, 2800 gm.; X 3-15. Hemoglobin (Dare) 90 per 
cent. Room temperature 65°F. 9.32. Hanging drop; ear vein. 9.34. Reds lake 

in periphery of drop. 9.37. Spindle reds; fusing reds; occasionally three reds 
fuse. 10.20. Formation of a typical microcyte from a spindle red observed and 
sketched (omitted here; same as in Group E). This microcyte was observed 
changing back to fairly large red corpuscle with a delle ; see description on page 560. 
No time for measurements. 

Group G . — Gray rabbit, female, 2600 gm.; not pregnant apparently; X 3-140. 
Hemoglobin (Dare) 72 per cent; blood specimen 25 liours old. 3.00 to 5.00 p.in. 
Reds round or pressed together in periphery; no delle; G.rijj. in diameter. Sudden 
flow of red corpuscles in single file towards middle of drop. Red corpuscles seen 
changing to crenated forms and then to typical microcytes in 10 seconds or less. 
Sec description on page 557. 

Group //. — Same preparation. Pear-shaped reds whose fibrin attachment did 
not rupture immediately after fixation in the stream bed. Sec description on 
page 558. 

In Groups G and H no measurements were made because the changes were too 
rapid. .All the transformations sketched in G and H were seen dozens of times in 
this preparation in as nian.\- different cells. 

Group I . — Gray rabbit, male, 2800 gm.; X 4-7; Hemoglobin (Dare) 85 per cent. 
Room temperature 24.0°C. Preparation 25 hours old. 3.29. Red 7.8;u diameter; 
no definite delle; good Hb. 3.30-3.47. No definite change. 3.47. Outline shows 
slight slow bulgings; no quivering; 7.8 m. 3.47-3.59. Same; Hb as before; no 
delle; 7.8^. 4.03-4.30. 7.8/1. 4.34. Oval, 7.8 .\ 6.O/1. 4.42. During observation 
jerk occurred and Hb shot as a }-ellow ball to one side of red; clear space between 
Hb ball and wall; jiear shape; process complete in fraction of second; 7.8/1 x 4/i; 
see page 558. 4.46. Shell closer to microcyte. 4.47. No fibrin thread visible; 
Hb ball dense; 5.2 x 4/i. 4.55. Still as before; clear siiace, not tinted; no spicules. 
5.03. No change. 5. 13. In same field two other reds with Hb ball torn away from 
pellicle; not present before. 5.19. No change; room temperature 25 9°C. 

Group A'.— Guinea pig. male, 950 gm.; X 1-12. Hemoglobin (Dare) 106 per 
cent. Four different corpuscles. 9.38. Hanging drop; ear vein. 10.05. No. I, 
red with dense Hb, oval, S/i long; Hb partly separated from wall; Hb mass shows 
median constriction. Lost. 10.10. No. 2, two round, dense microcytes each 
4.8/i, connected by a thin membrane shred; upper membrane culled, angulated, as 
if torn. 10.31. No. 3. two oval, dense microcytes in hour-glass membrane; 
space between microcytes and wall slightly yellowish; I.Sju. No. 4, oval dense 
microevte surrounded by a pellicle, with short fibrin thread; space slightly yellow. 
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STUDIES ON IMMU"NITY TO SWINE INFLUENZA 



By RICHARD E. SHOPE, M.D. 

{From the Department of Animal and Plant Pathology of The Rochefeller Institute 
for Medical Research, Princeton, N. J.) 

(Received for publication, June 20, 1932) 


INTRODUCTION 

It has previously been shown (1) that the bacterium, H. infltienzae 
suis, and a filtrable virus are essential to the production of influenza 
in swine. When administered separately intranasally, E. influenzae 
suis is completely non-pathogenic, while the filtrable virus when 
similarly introduced induces a very mild and scarcely recognizable 
illness that has been designated as the “filtrate disease” in distinction 
from swine influenza which results when virus and organism are ad- 
ministered intranasally together. The present paper describes studies 
dealing with the immunizing properties of each of the etiological com- 
ponents. 


Infectious Materials Used 

As in our earlier experiments (1, 2), H. itijlwmsae suis was grown up>on plain agar 
slants to the condensation water of which had been added appro.ximately 0.75 cc. 
of sterile defibrinated horse blood. On such media the growth of the organisms 
was limited largely to the bloodj' fluid at the base of the slant and a narrow zone of 
agar immediately above. A stock culture isolated in December, 1928, and desig- 
nated as 451, has been used in all experiments recorded in this paper. Only the 
bloody condensation fluid of cultures was used in inoculating the swine in the 
experiments to be reported. 

The swne influenza wrus used tos either a Berkefcld X or a Berkcfeld filtrate 
of lung, bronchial Ijunph nodes, and bronchial c.xudatc from a fresh case of the dis- 
ease. Animals to be used as a source of virus were killed on the 3rd or 4th day of 
their illness. Pathological material to be filtered was minced vith scissors and 
ground fine in a mortar with sterile sand. A suspension of appro.ximately 5 per 
cent was made in infusion broth, pH 7.3, shaken by hand for 10 minutes, and then 
centrifuged. The supernatant fluid was removed and filtered through a Berkefcld 
candle, and the resulting filtrate served as a source of virus. 

In testing swine for immunity induced by previous inoculations of virus or 
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organism, where fresh infectious material was not available at the time, glycerol- 
ated and dried materials were used. It has previously been shown (1) that the 
swine influenza virus can be stored for at least 41 days in SO per cent glycerol or 54 
days when frozen and dried by Swift’s method (3). H. influenzae suis, however, 
does not survive glycerolation and its survival in dried material is irregular. 
Therefore in the experiments recorded in this paper in which glycerolated or dried 
virus was used, small amounts of cultures of H. influenzae suis have been added to 
the suspensions of virus just before using. 

The Effect of H. influenzae suis and Swine Influenza Virus, Administered 
Separately, upon the Susceptibility of Swi.ne to Influenza 

As shown in Table I, three swine (922, 1067, 1155) which were inoculated intra- 
nasally with H. influenzae suis showed no evidence of illness following the inocula- 
tion and also were fully susceptible to swine influenza when tested later by 
intranasal inoculation with suspensions containing swine influenza virus and H. 
influenzae suis. 

Five swine (919, 920, 921, 1070, 1077) were inoculated intranasally Avith Berke- 
feld filtrates containing swine influenza virus and all developed the mild filtrate dis- 
ease. When inoculated later with the mixture of virus and organism they were 
found to be completel}’' immune to swine influenza. 

There was a possibility that dissolved products of E. influenzae suis, which could 
conceivably be present in infectious Berkefeld filtrates, might account, at least 
partially, for this development of immunity in filtrate-infected swine. To test this 
possibility three other swine (897, 1082, 1130) were infected witli the filtrate dis- 
ease by placing them in the same pens with animals inoculated with infectious 
Berkefeld filtrates. By this method of infection they received virus free from any 
trace of H. influenzae suis protein, and like the swine infected by intranasal inocu- 
lation, they were found subsequently to be immune to swine influenza. 

The experiments recorded in Table I indicate that an attack of the 
filtrate disease, whether induced by intranasal inoculation with filtered 
virus or by exposure, confers an active immunity to swine influenza 
as induced by the concerted action of H. influenzae suis and the filtrable 
virus of stvine influenza. The administration intranasally of H. 
influenzae suis alone induces no demonstrable immunity to swine 
influenza. These data indicate that the filtrable virus is of primary 
etiological significance and that U. influenzae suis plays only a secon- 
dary and contributory role in the clinical entity known as swine in- 
fluenza. 
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Neiitralization of the Suoine Influenza Etiological Complex by Serum of 
Animals Convalescent from the Filtrate Disease 

It has been previously shown (1) that the blood serum of a hog con- 
valescent from swine influenza w'hen mixed with an infectious suspen- 
sion and administered intranasally to a susceptible animal was capable 
of preventing infection. It seemed of interest, therefore, to determine 
whether both of the etiological components were essential to the 


TABLE II 

N eulralizalion of the Swine Influenza Etiological Complex by Serum of Animals 
Convalescent from the Filtrate Disease 
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generation of this neutralizing property of convalescent serum, or 
whether, as in the active immunization just discussed, the filtrable 
\nrus alone was sufficient. 

Filtrate disease con\-alescent serum was obtained by bleeding two hogs, from the 
tail, 24 and 31 daj’s after their infection with the swine influenza wrus. These 
sera were freed from bacteria by Seitz filtration and then combined in equal qtnnti- 
tics. The procedure was as follows: To 5 cc. of a light suspension of dried and 
glyccrolatcd swine influenza virus was added 0.5 cc. of the bloody condensation 
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fluid of a 48 hour culture of E. injlitcnzac suis. 10 cc. of the filtrate disease con- 
valescent serum was added to this mixture, and after standing at room tempera- 
ture for 1 hour, it was injected intranasally into the test swine, 15.5 cc. into each 
aniihal. The control animal received the same amount of infectious suspension 
to which 10 cc. of sterile physiological saline had been added. The results are 
recorded in Table II. 

The potency of the infectious suspension was evidenced b}’' the clinical and 
autopsy picture presented by the control. The neutralization was apparently 
complete for Swine 1132 which developed no clinical evidence, and, when autopsied 
on the 7th day after inoculation, showed no pathological evidence of swine influenza. 
Swine 1128 also at no time appeared ill but on the 3rd day after inoculation it had 
a temperature of 40°C. This is the lower limit of what we have considered a 
fever temperature in smne. 2 weeks after its initial inoculation it was found to 
be immune to swine influenza. It thus seems likely that in this animal the 
neutralization was not quite complete, otherwise the animal would not only have 
shown no illness but have remained full}’^ susceptible to infection with swine influ- 
enza. A smaller dose of infectious suspension or a larger dose of convalescent 
serum would probably have resulted in a mixture as neutral for Swine 1128 as the 
one employed was for Swine 1132. 

As in the experiments dealing with the immunity to stvine influenza 
conferred by an attack of the filtrate disease, the neutralization of 
infectious suspensions, capable of inducing draracteristic swine in- 
fluenza, by serum from swine convalescent from the filtrate disease 
again indicates the primary etiological significance of the filtrable 
virus and the secondary contributory role of H. influenzae suis. 

Failure of the S%dnc Influenza Virus to Induce Illness when Adinin- 

istcred Intramuscularly 

In these experiments only glycerolated swine influenza virus was 
used. The cultures of E. influenzae suis w^ere of the t}^e used in tlie 
experiments previously described in this paper. Glycerolated virus 
was prepared as follows: 

Portions of atelectatic or pneumonic lung of approximately hickory nut size and 
pieces of the edematous bronchial b^ph nodes of somewhat smaller size were taken 
from swine infected with influenza that had been killed on the 3rd day of their ill- 
ness. These pieces of tissue were placed in 50 per cent gb^erol-phj'siological salt 
solution and stored at refrigerator temperature for at least 6 days before use in 
these experiments. To prepare infectious suspensions from tissues stored in this 
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way, pieces were cut with sterile scissors from the stored material. Thesewere 
washed in three changes of sterile physiological saline and then ground in a mortar 
with sand and physiological saline to make approximately a 5 per cent suspension. 
Such srispensions were allowed to stand imdisturbed for a few minutes and the 
supernatant fluid, when decanted, served as the infectious suspension. 

Six swine were inoculated intramuscularly with glycerolated virus. Four of 
these animals were converted artificially into carriers of E. influenzae suis by intra- 
nasal inoculation with cultures of this organism. Experiments, which will be 
reported in detail later, demonstrated that swine receiving E. influenzae suis in this 
way carry the organisms in their respiratory tracts for at least 3 days. The organ- 
isms thus carried, while iimocuous in themselves, maintain their full potential 
pathogenicity because when virus alone is administered to such animals swine 
influenza instead of the filtrate disease results. A carrier state was established in 
the four above mentioned swine because, should the virus have proven pathogenic 
when administered intramuscularly, swine influenza as induced by organism and 
virus together would have been easier to recognize than the filtrate disease induced 
by the virus alone. In this way the presence of E. influenzae suis in the respira- 
tory tract served as an indicator for the invasion of the respiratoiy tract by swine 
influenza virus. The data for the six swine inoculated intramuscularly with 
glycerolated virus together with those for the control swine receiving the virus 
intranasaUy are recorded in the first four columns in Table III. It is there shown 
that while the three controls which received glycerolated influenza virus and E. 
influenzae suis intranasaUy all developed swine influenza, none of the six suine 
inoculated with the virus intramuscularly developed any recognizable illness in 
spite of the fact that four of them were carrying E. influenzae suis in their respira- 
tory tracts. One of these animals. Swine 1146, killed 4 days after inoculation, was 
completely negative at autopsy for any patholog>' of swine influenza. Of the 
remaining five, saved to test for immunity, three were given two subsequent intra- 
muscular inoculations of glycerolated influenza virus and showed no reaction or 
evidence of illness following either of these. 

The above data, siumnarized in the left portion of Table III, indicate 
that swine influenza virus given intramuscularly is incapable of in- 
ducing filtrate disease, or swine influenza, in animals converted arti- 
ficially into carriers of H. influenzae suis. The suggestion derivable 
from these experiments is that the swine influenza virus is effective in 
inducing disease only when introduced directly into the respirator}' 
tract, and in this respect is similar to certain other \'iruses, some of 
which regularly infect only when introduced into the epidermis (derma- 
totropic viruses) and oUicrs only when introduced directly into nervous 
tissue (neuro tropic \'iruscs). 
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i,ni. inlranmscularly; i.n. « intranasally. IIIS = 11. influenzae suis. 
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Immunity FoUoming the Intramuscular Administration of Swine 

Influenza. Virus 

^ The five animals mentioned above, which were saved to test for immunity, were 
inoculated mtranasally with E. influenzae suis mixed with dried and glycerolated 
swine influenza virus. Swine 1147, 1149, and 1150 had received three intra- 
muscular injections of glycerolated virus prior to their test for immunity while 
Swine 1088 and 1 100 had received only one. All five were found to be completely 
immune to infection with material which in control swine induced clinically and 
pathologically characteristic swine influenza. 

These experiments are summarized in the right portion of Table 
III and indicate tliat swine influenza virus given intramuscularly 
immunizes hogs against swine influenza without inducing any evidence 
of illness. So far as can be judged, a single intramuscular injection of 
glycerolated swine influenza virus confers just as satisfactory an im- 
munity as do three injections. 

It IS not believed that intranasal inoculation with H. influenzae suis 
contributed to the immunization, in view of the fact that immunity 
developed whether it was administered or not. Swine 1147 and 1100 
which received no H. influenzae suis developed as satisfactory an im- 
munity as did the three animals which received the organism intra- 
nasally. 


DISCUSSION 

Evidence derived from the experiments reported in this paper indi- 
cates that, of the two components essential to the production of in- 
fluenza in svane, the filtrable virus is of primary importance while 
H. tnfluenzac suis plays only a secondary or contributory role. H. 
tnflmnzae suis administered alone intranasaUy to swine induced neither 
lUness, as had previously been established (2), nor immunity to swine 
in uenza. The filtrable virus of swine influenza, on the other hand, 
while capable alone of inducing only the mild filtrate disease, established 
a solid immunity to swine influenza as induced by the mixture of virus 
and organism. These findings are supported by the observation 
that convalescent serum from swine that had suffered only the filtrate 
disease was capable of neutralizing the combined etiological complex 
of organism and virus. These results accord vnth the expected action 
of two agents of unequal etiological importance but both essential 
for the production of a disease. 
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The swine influenza virus showed a certain tissue specificity in that 
it was found to be incapable of inducing illness when administered 
intramuscularly to swine although it was uniformly infective when 
introduced into the respiratory tract. This fact suggests that the swine 
influenza virus bears a relationship to tissues of the respiratorj’^ tract 
like that of dermatotropic viruses to the skin or of neurotropic viruses 
to the central nervous system. 

It was furthermore of interest, and perhaps of practical value, to 
note that swine inoculated intramuscularly with the swine influenza 
virus, while failing to become ill, nevertheless developed an immunity 
to swine influenza. Under the conditions of laboratory experimenta- 
tion, intramuscular inoculation of swine with glycerolated swine 
influenza virus consituted a safe and satisfactory method of immuni- 
zation. It is possible that this observation can be applied in devel- 
oping a method of immunization against the disease for use in the field. 

STIMMARY 

Of the two etiological components of swine influenza, only the fil- 
trable virus possessed immunizing properties. H. influenzae suis, 
while essential to the production of the disease, played only a secondary 
and contributory role and, alone, conferred no immunity. Senun of 
swine convalescent from the filtrate disease neutralized the swine 
influenza etiological comple.x of organism and virus. Intramuscularly 
administered swine influenza virus was incapable of inducing illness 
but did render hogs immune to swine influenza. It is suggested that 
a specific relationship, as regards infectivity, e.xists between the swine 
influenza virus and the tissues of the respiratory tract. 
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The conversion of toxin into toxoid has been studied by Ehrlich 
(1) and Ramon (2-4) for diphtheria toxin, by Behring and Ransom 
(5), Lowenstein (6), and von Eisler and Lowenstein (7) for tetanus 
toxin, by Weinberg and Goy (8) for the toxins of the B. hoiulinus and 
of the gas gangrene anaerobes (f.c., B. oedcinaliens, etc.)- Ramon (9) 
has also converted abrin and cobra venom into toxoids. The change 
was observed to occur spontaneously (Ehrlich (1), Behring and Ransom 
(5)), and also could be induced artificially by means of various physi- 
cal and chemical agents; namely, for tetanus toxin iodine trichloride 
(Behring and Ransom (5)), formalin (0.1 to 0.2 per cent) and exposure 
to a Nemst lamp (Lowenstein (6)), formalin (0.1 to 0.2 per cent) and 
slight heat (30°C.) (von Eisler and Lowenstein (7)); and for diphtheria 
toxin formalin (0.3 to 0.4 per cent) and heat (40-42°C.) (Ramon (4)). 
Bj"- similar procedures (formalin and heat) abrin, cobra venom (Ramon 
(9)), and toxins of the B. hoiulinus and the gas gangrene anaerobes 
(Weinberg and Goy (8)) have also been converted into toxoid states. 

These studies elaborated the concept of a toxoid first announced by 
Ehrlich. In its completed form, the definition of a toxoid is that it is 
a to.xin so altered that the to.xicity is decreased whereas the antibod}'- 
combining capacity and the antigenicity are essentially undiminished. 
It has been obser\-ed (Lowenstein (6), Ramon (4)) that the anti- 
genicity of tetanus and diphtheria toxoids varies vith the potency of 
the mother filtrates. It can be estimated by the antito.xin-combining 
capacity, to which it is directly proportional. 

By means of the phenomenon of local skin rcactixdty to bacterial 
filtrates, Shwartzman (10-13) has demonstrated the c.xistcncc of a new 
* Moses ncincm.m Research Fellow. 
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category of bacterial exotoxins. They are filterable and best obtained 
under conditions of insignificant cell autolysis. The potency of a 
filtrate does not depend solely on the number of bacterial cells in the 
culture from which it is obtained. The toxins are higlily antigenic. 
The potency of the factors necessary for the phenomenon can be 
accurately titrated. They are neutralizable in multiple proportions 
by specific antisera. Within the same bacterial species, there may 
be considerable variation in the potency of filtrates obtained from cul- 
tures of various strains. In a given filtrate, the potency seems to 
parallel the lethal effect on rabbits. 

The demonstration of exotoxins of a ne\v t3^e in a large number of 
unrelated organisms as the members of the co/z-typhoid-dysentery 
group, the meningococcus, the Pnemnococcus Type III, the Strepto- 
coccus haemolyticus-scarlatinae (Shwartzman (12)), the gonococcus 
(Shwartzman (14)), the Bacillus infiuenzae {Haemophilus injlucnzae) 
(Frisch (15)), the Bacillus pertussis (Gross (16)), and the tubercle 
bacillus (Bieling (17)) was of great importance. 

It was deemed of interest to determine whether this type of bac- 
terial toxin could be converted into a toxoid state. With this aim in 
view, the followng experiments were undertaken. 

Methods and Materials 

These e.\periments were performed on rabbits which had been emplo 3 'ed once 
within tlie previous week for the elicitation of the Shwartzman phenomenon, 
receiving for this purpose a ’i^ariety of materials. Onlj’- those rabbits were selected 
in which the phenomenon had failed to occur. Unpublished e.vperiments suggest 
that such rabbits may be more sensitive to the Shwartzman phenomenon than 
stock rabbits. Further experiments upon this point are now under way. 

Toxins. — (a) Meningococcus “agar washings” toxic filtrates were prepared and 
titrated as described by Shwartzman (18, 19). Filtrate 1409 was prepared from 
meningococcus Strain 123, Group I; Filtrate 1675 from meningococcus Strain 383, 
Group II; Filtrate A52 -svas pooled from Filtrates 1233A, 1233B, 1233C, and 1233D, 
prepared from meningococcus Strains 44B Serum 8, 44B Serum 13, 44B Serum 15, 
and 44B Serum 16, respectively, all Group III (Shwartzman (20)). Meningococ- 
cus Filtrate 1675 was kept in the refrigerator at 6°C. from June 16, 1931, to Dec. 
18, 1931 (time of retitration). The titers of the preparations are indicated in 
Table I. 

(5) 1. 147 cc. of meningococcus “agar washings” toxic Filtrate 1409 plus 3 cc. 
of 20 per cent formalin to make a total volume of 150 cc. with a final concentration 
of 0.4 per cent formalin were placed in a ground glass-stoppered bottle, sealed 
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■with paraffin, and kept in an incubator at 37°C. for 35 days. The resulting prepa- 
ration is referred to as meningococcus Toxoid 1409 A. 

2. 2 cc, of 40 per cent formalin ■were added to 95 cc. of meningococcus Toxoid 
1409A, thus making- a final total concentration of 1.2 per cent formalin. This 
mixtiure ■was placed in a ground glass-stoppered bottle, sealed •with paraffin, and 
kept in an incubator at 37°C. for 3 ■weeks (meningococcus Toxoid 1409B). 

3. 110 cc. of meningococcus "agar ■washings” toxic Filtrate A52 plus 2.75 cc. 
of 40 per cent formalin (to make a final concentration of 1 per cent formalin) •were 
placed in a ground glass-stoppered bottle, sealed ■with paraffin, and kept in an 
incubator at 37°C. for 23 days (meningococcus Toxoid A52). 

Sera. — 1. Antimeningococcus Serum H251 ■was obtained from Horse 8. 

Immunization was started Oct. 13, 1930. The details of a similar course of 
immunization have been described elsewhere (Shwartzman (21)). In general, 
this consisted of the following: ^ For 6 weeks, the horse received only weekly, 
subcutaneous injections of B. colt toxin. Thereafter, an intravenous injection of 
heat-killed B. coli vaccine was made ■with each subcutaneous injection of B. colt 
toxin, the dosage of both gradually increasing. After 6 weeks, polj'valent menin- 
gococcus toxin was added in the material for subcutaneous injection and menin- 
gococcus vaccine in that for intravenous injection. Finally the animal received 
intravenously incubated mixtures of meningococcus toxin and anticoli horse senun. 
Bleeding H251 was performed Mar. 10, 1931. 

2. Serum H230 was obtained from Horse 60 which was immunized in order to 
obtain the auxiliary antibody (Shwartzman (21)). 

Immunization was begun June 27, 1930. The a nim al received weekly subcu- 
taneous injections of polyvalent B. coli toxin, of gradually increasing dosage. 
Intravenous injections were started Sept. 12, 19 j'o. They consisted of increasing 
amounts of polyvalent heat-killed B. coli ■vaccine. •\ In the last 5 weeks of immuni- 
zation, 3 intravenous injections were made of incubated mixtures of pwh'valent B. 
coli toxin and anticoli horse serum. The course of immunization lasted 8 months 
with one period of rest for 3 weeks. Bleeding H230 vas performed Feb. 11, 1931. 

3. Serum H290 was a later bleeding from Horse 60. After 2 weeks’ rest, 
immunization was continued. The animal received 4 subcutaneous injections of 
polj'valent B. coli toxin, 2 intravenous injections of B. coli vaccine, and 2 intra- 
venous injections of incubated mixtures of B. coli toxin and Scrum H230. Bleed- 
ing H290 was performed Apr. 28, 1931. 

Neutralizations . — iCcutralizations of the toxins and to.xoids bj" the horse sera 
were carried out as described bj- Shwartzman (19). 

Agglutinations . — -Agglutinations were carried out with standard suspensions of 
live 24 hour cultures of mcningocoed. Mixtures of 0.25 cc. of bacteria and 0.25 cc. 
of scrum were kept in a water bath at 37‘’C. for IS hours and then read promptlj’. 

Precipitations. Mixtures were made of 0.2 cc. scrum and 0.2 cc. toxoid, 0.2 
cc. scrum and 0.05 cc. toxoid, 0.05 cc, scrum and 0.05 cc. toxoid, and 0.05 cc. 
scrum and 0.2 cc. toxoid. The mixtures were similarlj- incubated. Precipitations 
were also carried out using toxin as precipitinogen. 
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category of bacterial exotoxins. They are filterable and best obtained 
under conditions of insignificant cell autolysis. The potency of a 
filtrate does not depend solely on the number of bacterial cells in the 
culture from which it is obtained. The toxins are higlily antigenic. 
The potency of the factors necessary for the phenomenon can be 
accurately titrated. They are neutralizable in multiple proportions 
by specific antisera. Witliin the same bacterial species, there may 
be considerable variation in the potency of filtrates obtained from cul- 
tures of various strains. In a given filtrate, the potency seems to 
parallel the lethal effect on rabbits. 

The demonstration of exotoxins of a neW t}^e in a large number of 
imrelated organisms as the members of the co/j-typhoid-dysentery 
group, the meningococcus, the Pneumococcus Type III, the Strepto- 
coccus haemolyticus-scarlatinae (Shwartzman (12)), the gonococcus 
(Shwartzman (14)), the Bacillus influenzae (Haemophilus influenzae) 
(Frisch (15)), the Bacillus pertussis (Gross (16)), and the tubercle 
bacillus (Bieling (17)) was of great importance. 

It was deemed of interest to determine whether this type of bac- 
terial toxin could be converted into a toxoid state. With this aim in 
view, the followng experiments were undertaken. 

Methods and M aterials 

These experiments were performed on rabbits which had been employed once 
within the previous week for the elicitation of the Shwartzman phenomenon, 
receiving for this purpose a \'-Jiriety of materials. Only those rabbits were selected 
in which the phenomenon had failed to occur. Unpublished e,\periments suggest 
that such rabbits may be more sensitive to the Shwartzman phenomenon than 
stock rabbits. Further experiments upon this point are now under way. 

Toxius. — (o) Meningococcus “agar washings” toxic filtrates were prepared and 
titrated as described by Shwartzman (18, 19). Filtrate 1409 was prepared from 
meningococcus Strain 123, Group I; Filtrate 1675 from meningococcus Strain 383, 
Group 11; Filtrate A52 was pooled from Filtrates 1233A, 1233B, 1233C, and 1233D, 
prepared from meningococcus Strains 44B Serum 8, 44B Serum 13, 44B Serum IS, 
and 44B Serum 16, respectively, all Group III (Shwartzman (20)). INIeningococ- 
cus Filtrate 1675 was kept in the refrigerator at 6°C. from June 16, 1931, to Dec. 
18, 1931 (time of rctitration). The titers of the preparations are indicated in 
Table I. 

(b) 1. 147 cc. of meningococcus “agar washings” toxic Filtrate 1409 plus 3 cc. 
of 20 per cent formalin to make a total volume of 150 cc. with a final concentration 
of 0.4 per cent formalin were placed in a ground glass-stoppered bottle, scaled 
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Titration of Meningococcus Skin-Preparatory and Reacting Factors 

It has been demonstrated by Shwartzman (13) that there exists a 
quantitative reciprocal relationship between the slun-preparatory and 
reacting factors of unrelated potent toxins. Therefore, with the use of 
meningococcus Toxin 1409 skin-preparatory factors it was possible to 
test meningococcus Toxoids 1409A and B for reacting factors and with 
meningococcus Toxin 1409 reacting factors to test meningococcus 
Toxoids 1409A and B for skin-preparatory factors. The results are 
summarized in Table I. 

As is seen from Table I (Groups 1 and 2), meningococcus Toxin 1409 
had a titer of 1400 reacting units. Meningococcus Toxoid 1409A 
used for preliminary experiments was not titrated to the end-point. 
However, it is seen from Table I (Groups 3 and 4), that there was a 
considerable reduction in skin-preparatory and reacting potency. 
Thus, of 3 rabbits which received 0.25 cc. of undiluted meningococcus 
Toxoid 1409A intradermally, and 24 hours later an intravenous injec- 
tion of 64 reacting units of meningococcus Toxin 1409 per kilo of 
body weight, 1 rabbit developed a strong and 1 a weak reaction. Of 3 
rabbits whicli received 0.25 cc. of undiluted meningococcus Toxin 
1409 intradermally and 24 hours later an intravenous injection of 1 cc. 
of meningococcus Toxoid 1409A diluted 1:22 (a dilution corresponding 
to 64 reacting units of meningococcus Toxin 1409 — the mother filtrate) 
per kilo of body weight, only 1 developed a positive reaction and tliat 
of moderate intensity. After an intravenous injection of 64 reacting 
units of meningococcus Toxin 1409 at least 2 of 3 rabbits show 
strongly positive reactions. 

hleningococcus Toxoid 1409B had no skin-preparatory factors for 
64 and 128 reacting units of meningococcus Toxin 1409 per kilo of 
bod}'- weight (Table I, Groups 5 and 6). Using meningococcus Toxin 
1409 skin-preparatory factors, meningococcus Toxoid 1409B revealed 
only about 17 reacting units per cc. (Table I, Groups 7 and 8). Menin- 
gococcus Toxoid 1409B, therefore possessed no skin-preparatory fac- 
tors and only 1.2 per cent of the reacting factors present in the mother 
filtrate. 

Incidentally, it is of interest to note that following the intradermal 
injection of a toxoid preparation, there developed at the injected skin 
site an area of blanching 10 to 15 mm. in diameter surrounded by a 
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no skin-preparatory potency. 
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purpuric zone 1 to 2 mm. in width. A similar observation has been 
made by Burnet (22) who suggested that spontaneous local desensitiza- 
tion might be taking place in the center of the skin sites injected with 
toxoid preparations. However, control injections of 0.25 cc. of 1 per 
cent formalin produce the same effect. Pituitrin (Klein (23)) and 
adrenalin have a similar action on the rabbit’s skin. This circinate 
distribution of the purpuric reaction at the prepared skin site must 
therefore be considered as a non-specific manifestation of primary 
local toxicity of the injected substances. 

A Besredka (24) disintegrate of a B. dysaiienae Flexner strain to which 0.2 per 
cent formalin had been added and which had been kept at 37°C. for 1 month was 
referred to b}’’ Burnet as toxoid. His toxoid preparation suffered a loss only in 
skin-preparatory, but not in reacting potency (no titrations to the end-point), as 
compared with the mother filtrate. Studies of the antibody-combining capacity 
or antigenicity are not mentioned. 

Titration of Antibody-Combining Capacity of Meningococcus Toxoids 

Neutralized mixtures of meningococcus Toxin 1409 and meningo- 
coccus Toxoid 1409B with antimeningococcus horse Serum H251 and 
auxiliary antibody Serum H230 w^ere titrated as described by Shwartz- 
man (21). The results are summarized in Table II (Groups 1 to 5). 

As is seen from Group 1 of Table II, consistent neutralization was 
obtained with 100 units of meningococcus Toxin 1409 (1 cc. of a 1 : 14 
dilution of meningococcus Toxin 1409). With the use of an equal 
amount of serum, consistent neutralization was obtained with only 1-7 
units of meningococcus Toxoid 1409B (1 cc. of a 1:10 dilution of 
meningococcus Toxoid 1409B) (Table II, Group 3). The ratio of the 
antibody-combining capacity of meningococcus Toxoid 1409B to that 
of meningococcus Toxin 1409 is, therefore, that of 10 : 14, thus showng 
in the toxoid a loss of only 28.7 per cent of the antibody-combining 
capacity associated with a 98.8 per cent loss of toxicity as com- 
pared to the mother filtrate. 

It remained to determine whether 1.7 reacting units of meningo- 
coccus Toxoid 1409B actually held in combination all of the neutraliz- 
ing antibody in the serum used for the neutralization titrations (0.9 cc. 
of Serum H251 plus 0.1 cc. of Serum H230). If the mixture con- 
tained an excess, i.c. unbound antibody, then consistent neutralization 
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December, the toxin retained but 11.5 per cent of the July reacting 
titer. In contrast i^ith this, in December, it retained 73.5 per cent of 
the antibody-combining capacity present in July. The relative 
preservation of the antibody-combining capacity, despite the decrease 
in titer of reacting units which takes place in meningococcus toxin 
on standing, resembles closely, therefore, the transformation of diph- 
theria toxin into toxoid imder similar conditions. 

Lethal Effect of Meningococcus Toxoid 

An intravenous injection of an “agar washings” toxic filtrate pro- 
duces a considerable mortahty in rabbits. There appears to be a 
definite parallelism between the lethal effect and the titer of reacting 


TABLE m 

Lethal Effect of Filtrates Studied 


m 

Intravenous injection per kwt. 

Ko. of 
reacting 
units 

N'o. of 
rabbits 

Result 

1 

1 cc. mngo T A52 diluted 1 ; 5 

150 

3 

1 died after 2 hrs. 
2 survived 

2 

1 “ “ Toxoid A52 undiluted 

23 

3 

All survived 

3 

2 “ " “ A52 “ 

46 

3 



units of a given filtrate (Shwartzman (13)). It was of interest, there- 
fore, to determine whether the decrease brought about in the titer of 
reacting units in meningococcus toxoid preparations, was assodated 
with a parallel decrease in lethal effect. 

From Table I (Groups 9 and 10), it can be seen that meningococcus 
Toxin A52 possessed a titer of 750 reacting units. In contrast to this 
meningococcus Toxoid A52 possessed a titer of only about 23 reacting 
units (Table I, Groups 11 and 12). The lethal effect of both of these 
filtrates was studied. The results arc summarized in Table III. 

Of 3 rabbits which received intravenously 1 cc. of meningococcus 
lo.xin A52 diluted 1:5 (150 units) per kilo of body weight, 1 died 2 
hours after the injection, and the others surNoved (Table III, Group 1). 
Two groups, each of 3 rabbits, received intravenous injections of 1 cc. 
and 2 cc., respectively, of undiluted meningococcus To.xoid A52 per 
kilo of body weight; all Eur\'ivcd (Table III, Groups 2 and 3). 
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should Still be obtained after the addition of a small amount of toxir 
to the mixture. Accordingly the following experiment w^as performed 

Each of 4 rabbits received an intradermal injection of 0.25 cc. of undilutec 
meningococcus Toxin 1409 followed 24 hours later by an intravenous injection o 
a mixture of 1 cc. of meningococcus Toxoid 1409B diluted 1 : 10 (1.7 reacting units] 
plus 0.9 cc. of Serum H251 plus 0.1 cc. of Serum H230 plus 0.5 cc. of meningococcus 
Toxin 1409 diluted 1:70 (10 reacting units) per kilo of body weight. Reactions 
were elicited in 3 of the 4 rabbits (no neutralization). 

This demonstrates conclusively that 1.7 reacting units of meningo- 
coccus Toxoid 1409B actually combined witli all of the neutralizing 
antibody in 0.9 cc. of Serum H251 plus 0.1 cc. of Serum H230. 

Spontaneous Meningococcus Toxoid Forinaiio7i 

The titer of reacting units of a bacterial filtrate potent in eliciting 
the phenomenon often diminishes on standing (Shwartzman (13)). 
It was observed by Ehrlich (1) that, on standing, diphtheria toxin 
often suffered a decrease in the titer of direct toxicity w'hilst tlie 
antitoxin-combining power remained essentially unaltered. It was, 
therefore, of interest to determine whether the decrease in the titer of 
reacting units of a bacterial filtrate w'hich occurred on standing w'as 
associated with a diminution of the antibody-combining capacity. 

For this purpose the following was done. 

The preparation of meningococcus “agar washings” toxic Filtrate 1675 was 
completed on June 16, 1931. In the period, July 15 to 17, 1931, the titer of react- 
ing units and the antibod3"-combining capaciU"- were determined. These determi- 
nations were performed on stock rabbits. Antimeningococcus horse Serum H251 
and anticoli horse Serum H290 were used for the neutralization experiments. In 
the period Dec. 18 to 23, 1931, these determinations w'ere repeated on used rabbits. 
The results are smnmarized in Table I (Groups 13 to 16) and Table II (Groups 6 
to 9). 

As is seen from Table I, despite the possibly increased sensitivity 
of used rabbits, the titer of reacting units dropped from 1300 to 150 
units. However, the same amount of serum (0.9 cc. of Serum H251 
plus 0.1 cc. of Scrum H290) which consistently neutralized 1 cc. of a 
1:10 dilution of meningococcus Toxin 1675 in July was necessary for 
consistent neutralization of 1 cc. of a 1 : 13.6 dilution of meningococcus 
Toxin 1675 in December (Table II, Groups 6 to 9). Therefore, in 
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it is suggested that they be employed in the production of thera- 
peutic sera. 

As yet unpublished experiments suggest that serum from certain 
human beings may possess the capacity to neutralize meningococcus 
reacting units. Since meningococcus toxoid is antigenic and has a 
very low titer in reacting units (relatively non-toxic), it may possibly 
be of use in the active immunization of man against meningococcus 
infections. 

It is still common practice to evaluate therapeutic meningococcus 
sera by their agglutinin titers. However, this criterion of evaluation 
reveals a lack of correlation between the agglutinin titer and the thera- 
peutic efficacy of a serum. Recently, Shwartzman (20, 25) has sug- 
gested that therapeutic meningococcus sera be graded bj’’ their capac- 
ity to neutralize meningococcus reacting factors. However, the 
demonstration of to.xoid formation should be taken into consideration 
inasmuch as, in filtrates with dififerent degrees of to.xoid formation, the 
same number of reacting units maj'' represent varjdng antibody-com- 
bining capacities. 

It would seem advisable to keep as a standard an immune serum 
which had been titrated against freshly prepared meningococcus toxin, 
in which only insignificant, if any, to.xoid formation had occurred. 
Other sera could then be compared to this by their capacity to neu- 
tralize any given meningococcus filtrate. 

SOIIMARY AND CONCLUSIONS 

Formalin induces a considerable change in meningococcus culture 
filtrates. This consists of a marked decrease in toxicity as concerns 
both the Shwartzman phenomenon and the lethal effect, with relative 
preserva-tion of the antibody-combining capacitj' and antigenicity. 

A similar modification occurs spontaneously in meningococcus cul- 
ture filtrates on standing. 

Inasmuch as these changes parallel those occurring in the conver- 
sion of diphtheria toxin into toxoid, it is justifiable to consider such 
altered meningococcus toxin as meningococcus to.xoid. 

I am indebted to Dr. Gregorj- Shwartzman for manj' kindnesses and 
invaluable assistance. 
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Viruses exhibit an intimate tj^pe of parasitism. This phenomenon 
is emphasized by the fact that many of the active agents multiply only 
in one species of host and only in certain tissues of that host. In the 
course of some experiments vdth infectious myxomatosis it was noticed 
that the clinical picture and morbid anatomy of the disease in preg- 
nant rabbits are different from those in non-gravid animals. These 
differences indicate a line of approach to a better understanding of the 
host-virus complex and are suJfficiently striking to be recorded. 

Many investigators have obser\'ed that the course of certain tumors is influ- 
enced by pregnanej'. Inasmuch as the reports and wews regarding this matter 
arc contradictor)-, some of the more prominent ones are cited. Morau (1), Ehrlich 
(2), Uhlenhuth and Weidanz (3) reported that pregnancy retards the growth of 
transplantable tumors in mice. Cuenot and Alercier (4), however, observ-ed an 
acceleration of growth of similar tumors, while .Albrecht and Hecht (5) stated that 
pregnancy has no effect on such neoplasms. Askanazy (6), Jentzler (7), and Her- 
zog (8) reported that the growth of tumors in rats was accelerated by prcgnanc)-. 
Kross (9), however, claimed that pregnancy has no effect on the rate of growth of 
neoplasms in rats. 

Rous (10) in studj-ing the effect of pregnancy on cmbiyonic transplants, which 
he had shown to behave in many respects like transplantable tumors, reported the 
following experiments. Several loops of the uterus of a pregnant mouse were re- 
moved. A small fragment from one of the cmbiyos was injected beneath the skin 
of the mother. This piece of tissue became x-ascularized but did not grow until 
the remaining part of the uterus was emptied. In other c.xpcriments he found that 
embiyonic transplants grew equally well in non-gra\-id mice and in pregnant mice 
but that the transplants became differentiated into a larger number of tissues in the 
latter group of animals. Fiscdiera (11) made similar observations concerning cm- 
br>’onic transplants in rats. Shattocl:, Scligmann, and Dudgexjn (12), however, 
reported that gestation had no efferct on the growth of iransplantcrd fetal cartilage. 
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mammary tissue has an increased blood supply during pregnancy which might 
affect the local lesion and the dissemination of the virus. The virus was diluted 
with Locke’s solution in multiples of 10 up to 1.0 X 10“®, 0.25 cc. of the different 
dilutions being injected as indicated below. 

Fixation and Stains. — ^Tissues used for histological study were removed from the 
animals within an hour after death except in the instances where it appeared that a 
rabbit would not live through the night. Under such conditions the animal was 
killed and necropsy was performed immediately. Tissues from the heart, limgs, 
spleen, liver, adrenals, kidney, ovaries, intestines, bone marrow (shaft of the 
femin-), skin, lymph nodes, and brain were fixed in Zenker’s fluid (5 per cent acetic 
acid) and in formalin (10 per cent or 3.7 per cent formaldehyde gas) and stained 
with hematoxylin and eosin, with Mallorj^’s phosphotimgstic acid hematoxylin, 
and according to the Giemsa method. Sections of the liver were stained with 
Sudan III for fat. 

EXPERIMENTAL 

Experiments were designed to ascertain whether pregnancy altered 
the resistance of rabbits to the virus. Hence some of the animals were 
given relatively small amounts of the active agent. 

Experiment 1 . — ^Each of 3 pregnant and 2 non-pregnant female rabbits received 
intradermal inoculations, 0.25 cc., of dilutions of the same virus emulsion ranging 
from 1.0 X 10-“ to 1.0 X 10"®. 

Experiment 2. — ^Each of 6 pregnant rabbits and 1 non-pregnant female rabbit 
were given 3 intradermal injections, 0.25 cc., of dilutions of the virus emulsion rang- 
ing from 10“^ to 10"®. 

Experiment 3. — Each of 4 pregnant and 8 non-pregnant female rabbits received 
6 intradermal injections, 0.25 cc., of dilutions of the virus emulsion ranging from 

10-1 to 10 -®. 

In the 3 experiments, 13 pregnant and 11 non-pregnant female rab- 
bits were inoculated with the virus of infectious myxomatosis and the 
resulting clinical picture and morbid anatomy were observed. Inas- 
much as the results of the experiments were similar, they will not be 
described separately. 

Clinical Picture in N on-Pregnant Rabbits. — On the 3rd day slightly elevated skin 
lesions appear at the points of inoculation. These lesions increase in size and on 
the 5th day secondarj- lesions in the skin are usually ^'isiblc. The primary lesions 
at this time become hemorrhagic and are capped by small vesicles. The sub- 
cutaneous tissues of the eyelids, ears, and genitalia as a rule show involvement on 
the 6th day and by the 9lh the eyes are closed. On the day of the disease on which 
the animals die, usually the 9lh after inoculation, they arc dj"spncic. 
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The effect of pregnancy on spontaneous tumors in animals has not been investi- 
gated to any extent. Slye (13) stated that neoplasms occur less frequently in ges- 
tating mice than in virgin mice. Krotkina (14) observed that in a rabbit with a tar 
cancer the neoplasm became smaller during each pregnancy. Rous (10) observed 
that the growth of a spontaneous tumor in one mouse was accelerated during 
pregnancy. 

The reports concerning neoplasm in pregnant women are with a few exceptions 
in accord. Bainbridge (15) in an excellent review of the literature concluded that 
pregnane}" exerts a stimulating and hence malign influence upon coe.xistent cancer. 
This he believes to be true not only of cancer of the breast and uterus where an in- 
crease in the blood supply might account for the accelerated growth but also of 
neoplasms in other parts of the body with the possible exceptions of certain 
epitheliomas. 

Taliaferro (16) and his associates found that during the latter stages of preg- 
nancy the resistance of rats to Trypanosoma lewisi is lowered. No other reports of 
experimental work dealing with tlie effect of pregnanej" on diseases due to micro- 
organisms have been encountered. 

The mortality in acute infections is generally considered to be increased by 
pregnane}". This change is attributed by Williams (17) to the extra strain of the 
abortion which accompanies the infection. Weintraub (18) pointed out in his re- 
view of the literature on influenza that women may not die because they abort but 
abort because they are dying. Many authors have claimed that the susceptibility 
to influenza is increased by pregnancy. Weintraub (18) is of the opinion that this 
may be only apparent since influenza is most common in earl}" adult life, tire period 
during which women are most frequently pregnant. It has been maintained that 
the incidence of acute infections among pregnant w'omen is lower than among the 
non-pregnant. With the exception of scarlet fever (19) there appears little evi- 
dence to support this h}"pothesis. 

Methods and Materials 

Virus . — ^The vims employed in these experiments is the strain used by Rivers 
(20). Its vimlence may have been somewhat enhanced by numerous passages 
through animals. The virus was prepared by dissecting the my.xomatous material, 
occurring at the point of an intradermal inoculation of the virus, free from skin and 
muscle. The infectious tissue was then ground thoroughl}" with alundiun and 
diluted with sufficient distilled water to make a 10 per cent suspension. The virus 
was found to be active in such suspensions diluted 1.0 X 10“‘’ and 1.0 X 10■■^ 

Animats . — Pregnant and non-pregnant female rabbits from the same source 
were used. The gestation period of the gravid animals had proceeded for about 
20 days — the normal gestation period is about 30 days. 

Inocutalion . — The rabbits were inoculated intradermally. The points chosen 
for inoculation were well up on the rabbit’s side in order that the mammarv" glands 
would not be involved. This precaution was considered necessar}' because the 
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Morbid Anatomy of the Pregnant Rabbits. Liver. — All the rabbits, except one, 
shown an acidophilic necrosis of the hepatic cells around the central vein (Fig. 3). 
In some instances the destruction involves practically the entire lobule but there is 
never any cellular infiltration. In the periportal region of one liver there are a 
number of stellate elements that resemble the m 3 rxomatous cells seen in the spleen. 
Microscopic examination of the livers from 2 normal rabbits which had just given 
birth to young reveals that the hepatic cells are filled with fat but are not necrotic. 

Skin. — The lesions are not elevated above the sirrrounding tissue as much as are 
those in the non-pregnant animals. Histological preparations reveal lesions similar 
to those observed in the non-pregnant group except that there is less fibrin and the 
muscle layer appears to be less severely damaged. 

Lungs. — All the pregnant animals have secondary lesions in the lungs similar 
to those described in the non-pregnant animals with the exception that they are 
much more extensive (Fig. 4). One limg showed a generalized infiltration of the 
interstitial tissue with large mononuclear cells. 

Spleen. — ^All the spleens are increased in size and the structure is greatly dis- 
torted (Fig. 2). Practically no lymphocytes are seen and the Malpighian cor- 
puscles are represented by nests of large stellate cells. Many small foci of necrosis 
are seen. In the sinuses of the splenic pulp are large amounts of fibrin. The endo- 
thelium of the blood vessel is swollen and granular. Macrophages have phago- 
cytized a number of lymphocytes. A few polymorphonuclear cells and some 
lymphocytes with pyknotic nuclei are seen, but the majority of the cells in the 
splenic pulp are large stellate elements similar to those seen in the Malpighian cor- 
puscles. Throughout the spleen there is an increase in the number of fibroblasts. 

Lymph Nodes. — ^The amount of endothelial damage and hemorrhage and the 
number of fibroblasts seem to be greater in the lymph nodes of the pregnant rabbits 
than in similar structures of the non-pregnant animals. 

Ovary and Uterus. — ^In the muscular layer of the pregnant uteri are seen a few 
stellate cells resembling the myxomatous cells in the spleen. Around and in the 
Graafian follicles of the ovaries s imila r cells are found. 

Heart, Adrenals, Kidney, Intestines, Bone Marrow, and Brain. — No significant 
changes are present in these organs. 

From the results of the experiments described above it is obvious 
that there are differences in the phenomena occurring in pregnant and 
non-pregnant rabbits infected vith the virus of infectious mjTcomato- 
sis. In pregnant rabbits the lesions at the point of inoculation are less 
elevated and the secondary lesions of the skin and involvement of 
the subcutaneous tissues of the ears are either entirely absent or much 
smaller than are those observed in the control group. More extensive 
lesions in the spleen and the presence of secondary lesions in the lungs of 
all tlic pregnant animals contrast sharply v-ith the involvement of only 
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to the reaction of the liver of the pregnant rabbit and the pregnant 
woman. Acute yellow atrophy occurs more frequently among preg- 
nant than among non-pregnant women. The amount of arsenic that 
a non-pregnant woman can take with impunity results in an ex- 
tensive central necrosis of the liver when given to a pregnant woman. 
The lesion is similar to that seen in the gravid rabbit with myxoma. 
Such observations indicate that the resistance of the hepatic cells to 
toxic substances is lowered during pregnancy. A pregnant woman with 
influenza is much more likely to have pneumonia than is a non-pregnant 
one (18). In like manner the pregnant rabbit has numerous second- 
ary lesions of the myxoma in the lungs. The decrease in the resist- 
ance of the spleen to infectious m5T:oma resembles the lowered resist- 
ance of the spleen of pregnant women to leukemia (22). 

SUMMARY 

Pregnancy in rabbits alters the reactivity of the tissues to the virus 
of infectious myxomatosis. The livers of pregnant animals with the 
myxoma have a central acidophilic necrosis. Secondary lesions in the 
lungs are much more numerous and larger in the pregnant than in the 
non-gravid animals. In like manner the lesions in the spleen are more 
extensive in the pregnant rabbit. On the other hand the skin lesions 
of the pregnant animal are decreased in size. 
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a few of the hlalpighian corpuscles of the spleen and only an occasional 
secondary lesion in the lungs of the non-pregnant group. A necrosis 
of the hepatic cells around the central vein occurred in all except one 
of the pregnant animals, while only a few small areas of central necro- 
sis were seen in 2 of the non-pregnant rabbits. In spite of these differ- 
ences the animals in the 2 groups lived the same number of days after 
inoculation. 


DISCUSSION 

Pregnancy apparently does not change the general resistance of the 
rabbit to infectious myxomatosis because all the animals, both the 
pregnant and the non-pregnant, lived the same niunber of days follow- 
ing inoculation of the virus. The resistance, however, of the various 
organs in the pregnant animals appears to have been altered — that of 
the lungs, spleen, and liver is lowered while that of the skin is elevated. 
This interpretation is of course open to question, as one might main- 
tain that the spleen of the pregnant animal, for example, is more resis- 
tant since it evidenced a greater degree of reaction. 

In passing one should note that a similar decrease in the resistance 
of the internal organs of pregnant women to invasion by malignant 
neoplasms is generally found. The apparent increase in resistance of 
the skin of pregnant w^omen to certain epitheliomas (15), how^ever, is 
also of interest in connection with the increased resistance of tlie 
skin and subcutaneous tissue of the pregnant animal to infectious 
myxomatosis. 

The conflicting reports of the results of investigation on the influence 
of pregnancy on the various experimental tumors in animals make a 
comparison of them with the findings reported here of little value. 
Furthermore, only the last third of pregnancy was investigated in the 
present experiments w'hereas the tumor experiments of other w^orkers 
extended throughout the w’hole reproductive cycle, gestation, lacta- 
tion, and resting phase. It is important to keep this fact in mind, be- 
cause 2 rabbits inoculated in the earlier period of pregnancy reacted 
like non-pregnant animals. 

The results of this investigation are more comparable to tlie observ'a- 
tions on the effect that acute diseases have on pregnant women, and it 
is here that we find the most striking similarity, particularly in regard 
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STUDIES ON THE RELATIONSHIP OF STREPTOCOCCUS 
HEMOLYTICUS TO THE RHETOIATIC PROCESS 

I. Observations on the Ecology oe Hemolytic Streptococcus in 
Relation to the Epidemiology oe Rheumatic Fe\^e 

By AL\TN F. COBURN, M.D., and RUTH H. PAULI 

{From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital, Neva York) 

(Received for publication, June 22, 1932) 

To the student of rheumatic fever there are, in the natural history of 
this disease, few aspects of greater interest than the occurrence of 
explosive outbreaks. These epidemics are peculiarly significant in 
that they indicate that rheumatism is infectious in origin. The 
classical examples, described in Europe by Newshohne (1), by Hirsch 
(2) and by Andrieu (3), are well known; while the smaller outbursts of 
rheumatism in urban populations, in certain families, at congested 
military camps, in convalescent hospitals and in institutions, although 
rather obscure, constitute, nevertheless, an even more interesting 
chapter in the history of this disease. Although the clinical data of 
these outbreaks have been carefully collected, bacteriological studies 
of these preAious waves of rheumatism have been lacking. Quite 
recently, however, bacteriological observations have been made by 
workers in England (4, 5) and in America (6), and their findings have 
indicated the importance of the association of hemolytic streptococcus 
with these explosive outbreaks. The present series of studies is con- 
cerned primarily uith two aspects of the problem: first, the relation- 
ship of hemolytic streptococcus throat infection to the development 
of rheumatic fever; second, the association between recrudescences in 
rheumatic patients and preceding infection with Strcplococcus hcvio- 
lylicus. The bacteriological findings in this laboratorj" and those of 
other workers, together with necessary' clinical data, are here recorded 
to emphasize this ecological relationship. 

I. The Correlation between the Ecology of Hemolytic Strcplococcus 
and the Geographical Distribution of Rheumatic Fever. — For many 
years it has been recognized that rheumatism is especially severe and 
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From these data it is observed that Sao Paulo is not distant from Santos and 
Rio de Janeiro; that it is not so denselj' populated as the latter; that it experiences 
a comparable humidity 0ess than Santos) but that its minimum and average 
monthly temperature is much lower than that of the other cities. This air 
temperature of 1.7°C. absolute minimum and monthl}’- average 13.9-20.6° is 
comparable to the temperature in New York Cit3' dming the spring months, when 
the incidence of rheumatic fever is high. 

Ph3'sicians in Brazil have established the fact that scarlet fever appears in the 
mountainous regions of Sao Paulo and is extremely rare in the seashore cit3' of 
Santos onl3' a few miles away. The mortality statistics, 1921 to 1927, record deaths 
from scarlet fever as follows; Sao Paulo, 63; Santos, 1; Rio de Janeiro, 9. This 
was in proportion to the findings between 1914 and 1920; Sao Paulo, 286; Santos, 
3; Rio de Janeiro, 15 recognized deaths from scarlet fever. The morbidit3' 
statistics, though less accurate, have been investigated with great care and show a 
similar wide difference. In the coast cities, the morbidit3' among school children 
was about 0.6 per cent; while in Sao Paulo it was 5.2 per cent in 834 children and 
6.3 per cent among 157 adults. Each 3'ear in Sao Paulo during the cold weather, 
two outbreaks of scarlet fever were experienced with the peaks in hla3' and Sep- 
tember. 

These epidemiological data collected over a period of years indicate 
the seasonal incidence of a streptococcus infection of the upper respira- 
tory tract. In the environment ■with variable atmospheric conditions, 
scarlet fever 'U’as prevalent during the periods of cold ■weather. In 
the en'vironment rvith a warm climate and minimal variation in tem- 
perature, little scarlet fever occurred. 

To study the influence of climate on the flora of the upper respira- 
tory tract, contemporaneous studies -were conducted in New York and 
in the tropics during 1929 and 1930. The findings (6)- demonstrated 
that the bacterial life in the constant^ hot tropics’ and the pharjmgeal 
flora of urban inhabitants in the tropical island of Puerto Rico are 
almost constant from month to month. The normal flora consisted 
mostl)’’ of non-hemolj'tic streptococcus and Gram-negative cocci. 
Hemol 3 'tic streptococcus appeared in the normal throat rarel}' and onl}' 
in small numbers. ^lilam and Smillie (8) in their extensive bacterio- 
logical stud)' of “colds” on an isolated tropical island (St. Johns, 
United States Virgin Islands, West Indies), also arrived at the con- 

’ Cobum (6), p. 221. 

* This vork was done in association with Dr. P. Morales Ortcro of San Juan, 
Puerto Rico. 
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From these data it is observed that Sao Paulo is not distant from Santos and 
Rio de Janeiro; that it is not so denselj’’ populated as the latter; that it experiences 
a comparable humidity (less than Santos) but that its minimum and average 
monthly temperature is much lower than that of the other cities. This air 
temperatee of 1.7°C. absolute minimum and monthl}'- average 13.9-20.6° is 
comparable to the temperature in New York City during the spring months, when 
the incidence of rheumatic fever is high. 

Physicians in Brazil have established the fact that scarlet fever appears in the 
mountainous regions of Sao Paulo and is extremely rare in the seashore city of 
Santos only a few miles away. The mortality statistics, 1921 to 1927, record deaths 
from scarlet fever as follows: Sao Paulo, 63; Santos, 1; Rio de Janeiro, 9. This 
was in proportion to the findin gs between 1914 and 1920: Sao Paulo, 286; Santos, 
3; Rio de Janeiro, 15 recognized deaths from scarlet fever. The morbidity 
statistics, though less acouate, have been investigated with great care and show a 
similar wide difierence. In the coast cities, the morbidity among school children 
was about 0.6 per cent; while in Sao Paulo it was 5.2 per cent in 834 children and 
6.3 per cent among 157 adults. Each j’ear in Sao Paulo during the cold weather, 
two outbreaks of scarlet fever were experienced with the peaks in May and Sep- 
tember. 

These epidemiological data collected over a period of years indicate 
the seasonal incidence of a streptococcus infection of the upper respira- 
tory tract. In the environment with variable atmospheric conditions, 
scarlet fever was prevalent during the periods of cold weather. In 
the environment with a warm climate and minimal variation in tem- 
perature, little scarlet fever occurred. 

To study the influence of climate on the flora of the upper respira- 
tory tract, contemporaneous studies were conducted in New York and 
in the tropics during 1929 and 1930. The findings (6)= demonstrated 
that the bacterial life in the constantly hot tropics’ and the phar 3 mgeal 
flora of urban inhabitants in the tropical island of Puerto Rico are 
almost constant from month to month. The normal flora consisted 
mostty of non-hemolytic streptococcus and Gram-negative cocci. 
Hemolytic streptococcus appeared in the normal throat rarely and only 
in small numbers. Milam and Smillie (8) in their e.xtensive bacterio- 
logical study of “colds” on an isolated tropical island (St. Johns 
United States Virgin Islands, West Indies), also arrived at the con- 

* Coburn (6), p. 221. 

’ This work was done in association Mth Dr. P. ^Morales Ortero of San Tuan 
Puerto Rico. ’ 
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From these data it is observed that Sao Paulo is not distant from Santos and 
Rio de Janeiro; that it is not so denselj’’ populated as the latter; that it experiences 
a comparable humidity (less than Santos) but that its minimum and average 
monthly temperature is much lower than that of the other cities. This air 
temperatiue of 1.7°C. absolute minimum and monthly average 13.9-20.6° is 
comparable to the temperature in New York City during the spring months, when 
the incidence of rheumatic fever is high. 

Phj'sidans in Brazil have established the fact that scarlet fever appears in the 
mountainous re^ons of Sao Paulo and is extremely rare in the seashore city of 
Santos only a few miles away. The mortality statistics, 1921 to 1927, record deaths 
from scarlet fever as follows: Sao Paulo, 63; Santos, 1; Rio de Janeiro, 9. This 
was in proportion to the findings between 1914 and 1920: Sao Paulo, 286; Santos, 
3; Rio de Janeiro, 15 recognized deaths from scarlet fever. The morbidity 
statistics, though less accurate, have been investigated with great care and show a 
similar wide difference. In the coast cities, the morbidity among school children 
was about 0.6 per cent; while in Sao Paulo it was 5.2 per cent in 834 children and 
6.3 per cent among 157 adults. Each year in Sao Paulo dining the cold weather, 
two outbreaks of scarlet fever were experienced with the peaks in May and Sep- 
tember. 

These epidemiological data collected over a period of years indicate 
the seasonal incidence of a streptococcus infection of the upper respira- 
tory tract. In the environment with variable atmospheric conditions, 
scarlet fever was prevalent during the periods of cold weather. In 
the environment with a warm climate and minimal variation in tem- 
perature, little scarlet fever occurred. 

To study the influence of climate on the flora of the upper respira- 
tory tract, contemporaneous studies were conducted in New York and 
in the tropics during 1929 and 1930. The findings (6)- demonstrated 
that the bacterial life in the constant^ hot tropics’ and the pharjmgeal 
flora of urban inhabitants in the tropical island of Puerto Rico are 
almost constant from month to month. The normal flora consisted 
mostly of non-hemolytic streptococcus and Gram-negative cocci. 
Hemolytic streptococcus appeared in the normal throat rarely and only 
in small numbers. Jlilam and Smillie (S) in their extensive bacterio- 
logical study of “colds” on an isolated tropical island (St. Johns 
United States \flrgin Islands, West Indies), also arrived at the con- 

’ Cobum (6), p. 221. 

’ This work was done in association with Dr. P. iMorales Ortero of San Juan 
Puerto Rico. ’ 
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elusion that the basic nasopharyngeal flora in St. Johns is quite cc 
stant throughout all seasons and in all groups of people. No char 
occurred in the nasopharyngeal flora in a group of persons who ( 
veloped “colds,” Hemolytic streptococci were rarely found in t 
Virgin Islands study. Only 3 per cent of the people harbored ti 
Streptococcus pyogenes and w^hen found, the organisms were few 
number. 

2. The Correlation between the Seasonal Distribution of Eemol) 
Streptococcus and Rheumatic Fever. — study of rheumatism in N 
York City shows a striking seasonal variation. Observations 
hospital w'ard patients and on ambulatory rheumatic subjects ha 



Chart 1. Seasonal incidence of hemolytic streptococcus pharyngitis and 
crudescences of rheumatism amongst 165 ambulator}’’ rheumatic subjects in IS 
York City. The peaks occurred during the spring months, and were followed 
a rapid rise in the incidence of recrudescences among ambulator}' rheuma 
subjects. 

indicates hemolytic streptococcus pharyngitis. 

indicates acute rheumatic fever. 

* Throat cultures not obtained during Sept., 1930 and 1931. Patients 
perienced preceding phar}'ngitis. 

revealed each year a minimal number of acute attacks during t 
summer months, a moderate number in the fall and winter, and 
sharp and marked increase in the spring. 

In order to study the relationship of these fluctuations to incider 
of Streptococcus hcmolyiicus, an investigation of the throat flora 1 
been conducted in New' York City over a period of years. The 
studies have demonstrated each year a wide seasonal variation in t 
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incidence of hemolytic streptococcus in the pharyngeal flora. In 
contrast to these variations, Streptococcus viridans has shown little 
change from season to season. No two years have been alike in the 
incidence of hemolytic streptococcus but certain trends have been 
similar. As an illustrative example, observations made in 1930-32 
are presented in Chart 1. 

That this phenomenon is not peculiar to the metropolitan poprfla- 
tion of New York is demonstrated by the interesting study conducted 
by the Ministry of Health in England (9). 

This study was an intensive investigation of the throat flora in Manchester, 
England, during the period July, 1925, to Sept., 1927, and showed wide fluctuations 
in the incidence of hemolytic streptococcus. In 1925, mortality from respiratory 
disease was low in July and rose to a high peak in November. Hemolytic strep- 
tococcus, present in onlj' 3.2 per cent of cultures in Jul}', rose to a peak of 36.4 
per cent in November and was persistently prevalent until Apr., 1926, when the 
incidence of this organism fell rapidly. In Aug., 1926, the incidence of and deaths 
from respiratory diseases reached a minimum, and hemolytic streptococcus en- 
tirely disappeared. The rapid rise in the frequency of respiratory disease in the 
fall of 1926 was accompanied by a slow steady rise in the incidence of hemolytic 
streptococcus. Again, with the peak of respiratory' infection in January to March, 
hemolytic streptococcus reached a pinnacle, 17.8 per cent, subsiding gradually 
with the incidence of respiratory disease. In Sept., 1927, in contrast to the 
previous year, the incidence of this organism rose rapidly to 25 per cent, when 
respiratory infections were not prevalent. Whether this was followed by an early 
fall wave of respiratory’ disease is not known, for there this valuable study ended. 

Corresponding to this seasonal high incidence of hemolytic strepto- 
coccus, the curve of incidence of acute rhemnatism shows a similar 
form. In New York City the spring outburst of rheumatic fever has 
been preceded each year by a striking increase in incidence of hemo- 
lytic streptococcus in the throat flora. The positive correlation 
between the seasonal incidence of Streptococcus hcmolyiiciis and the 
occurrence of acute rheumatism is a definite one. 

3. The Correlation bctieccn the Prcrealcncc of Hemolytic Streptococcus 
and the Social Distribution of Rheumatic Fever. — A marked difference 
in the incidence of rheumatic fever between the poor and the wealth}’ 
has long been emphasized. In an analysis (6)< of hospital patients in 

* Cobum (6), p. 109. 
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private rooms and on the public wards at the Presbyterian Hospital 
in New York City, rheumatic fever appeared twenty times more fre- 
quently among the poorer classes than among those in comfortable 
circumstances. To investigate adequately the causes of this dispro- 
portion would be a tremendous undertaking. Preliminary studies of 
the throat flora have been conducted on five wealthy families and five 
pauper rheumatic families living only a few blocks apart on the Island 
of Manhattan. “Common colds” and the communicable diseases of 
childhood have been encountered in both groups vdtli comparable 
frequency. The children of the wealthy were treated for these condi- 
tions with great care. The children of the poor enjoyed no advantages 
during convalescence, but instead lived on an inadequate diet, vdth 
poor sanitation, overcrowding, possibly a lack of sunshine and perhaps 
exposure to inclement weather. Comparable throat cultures ob- 
tained weekly in the two groups of children have during a period of 
2 years demonstrated the occurrence of hemolytic streptococcus in 
10 per cent of the cultures of the poor, and in only 1 per cent among 
the rich. In the first group, the initial appearance of active rheuma- 
tism has been observed in at least three instances; among the latter, 
there has been as yet no appearance of the rheumatic process. From 
this small group of ten families with 50 children, no final conclusions 
can be drawn. These preliminary findings suggest, however, that 
poverty and unhygienic living conditions favor both the activity of 
hemolytic streptococcus in the throat and the incidence of rheumatic 
fever. 

4. The Corrclaiion hctwecn Infection loith Hemolytic Streptococcus 
and the Localized Outbreaks of Rheumatic Fever. — ^There is difficulty in 
dating the exact onset of the rheumatic state. In the absence of 
precise methods, it has not been possible to differentiate with certainty 
between the attack which represents the onset of the disease and the 
attack whicli represents a recrudescence. With this realization, a 
group of indi\nduals apparently not yet stigmatized with rheumatism 
was selected that the influence of throat infection might be inves- 
tigated. 

In Sept., 1931, a class of 50 student nurses entered training at Presbyterian 
Hospital. The records of their histories and physical e.xaminations obtained 
from their local doctors and the hospital physician indicated that they were 
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individuals in good health. Their living quarters were excellent, dr}-, sunny and 
at constant temperature. The diet was adequate. They were carefully watched 
to observe the course of events should they develop throat infections. During 
the fall months, two throat cultures were taken of each patient. In no instance 
was hemolytic streptococcus present in even moderate numbers, and from only 
three individuals were a few of these organisms recovered. Respiratory infections 
were inconspicuous in the fall; however, sore throats with hemoljdic streptococcus 
in predominance on culture appeared among the student nurses during the winter 
and spring months in epidemic proportions. 

Monthly Incidence of Eemolylic Streptococcus Pharyngitis in a Group of Nurses 



j Sept. 


B 









No. of cases 

B 

1 

B 

6 

2 

1 

« I 

1 

8 ' 

1 

2 

2 

1 
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Four of the group with throat infections developed rheumatic fever. Two 
t>’pes of inflamed throats were seen. In some, there was injection only; in others, 
there was also a sticky adherent slough. In these four individuals, whose throats 
had previously appeared normal, the onset of “sore throat” was accompanied by 
the advent of hemolytic streptococcus in almost pure culture. The manifestations 
of rheumatic fever were recognized after the subsidence of the local infection. 
In brief, the records are as follows; 

Individual 1. — Contracted acute follicular tonsillitis on Mar. 6, 1931. Hemo- 
l 3 ’tic streptococcus was recovered in almost pure culture from the throat (Strain 
RN 1). During convalescence, she experienced epistaxis. On Apr. 27, rheumatism 
manifested itself with pol.varthritis and mild carditis. 

Individual 2. Contracted acute follicular tonsillitis on Ivlar. 27, 1931. Hemo- 
lytic streptococcus was recovered in almost pure culture from the throat (Strain 
RN2). On Apr. 21, rheumatism manifested itself with Joint pains and fever. 

Individual 3.— Contracted acute pharj-ngitis on Feb. 27, 1931. Hemolytic 
streptococcus was the predominant organism in the throat culture (Strain RN3). 
On Mar. 10, rheumatism manifested itself with fever, muscle pains and mild 
polyarthritis. 

Individual 4.— Contracted acute tonsillitis on Mar. 9, 1931. Hemolytic 
streptococcus uus recovered in almost pure culture (Strain RN4). On Apr. 10, 
ciythcma marginatum appeared, and this was followed bj- other manifestations 
of rheumatic fever. 

WTiile under observation in the hospital enxnronment, twentv-eight 
apparently normal, healthy indixiduals livnng in one building con- 
tracted acute hemolytic streptococcus throat infections in rapid 
succession. They were all of brief duration e.xcept for one case of 
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pneumonia. In four instances, however, after apparently completi 
recovery from the throat infection mth Streptococcus Jicmolyticiis 
rhemnatic fever developed. 

In England, observers have likewise reported epidemics of tonsilliti: 
which were followed by the development of rheumatic fever. 

In the fall of 1884, Haig-Brown (11) observed an epidemic of throat infection 
at the Charterhouse School. Of 345 cases of tonsillitis in previousb" healthj' boj-s 
twenty-nine developed heart disease. In 1928 at the Halton Training Schoo 
(10), there was an epidemic of 427 cases of tonsillitis, which w'as followed b}' forty 
one cases of acute rheumatism. As pointed out by’- Glover, the tonsillitis precede! 
the rheumatism b}’- 2 or 3 weeks. Bacteriological studies of these infections weri 
not made; however, Glover and Griffith (4) recently described two epidemics o 
rheumatism in English boys’ boarding schools in which 136 cases of “sore throat’ 
were followed b}’' fifteen cases of acute rheumatic fever.® In this epidemic, studie 
of the throat flora were made and showed a close association between the infectioi 
and hemolytic streptococcus. Moreover, in 1930 Bradley (12) encountered i 
similar epidemic of upper respiratory disease and emphasized the importance o 
hemolytic streptococcus.® The fact that in this school, free of rheumatic diseasi 
for more than 45 years, twenty-two individuals suffered from acute rheumatii 
fever following an epidemic of hemolytic streptococcus infections is significant 

The relationship of epidemics of tonsillitis to rheumatism has lonj 
been emphasized. These recent bacteriological studies have demon 
strated a positive correlation between hemolytic streptococcus in 
faction and localized outbreaks of rheumatic fever. 

The four observations detailed above have been limited to tlic 
ecology of Streptococcus hemolyticus and its relationship to tire initia- 
tion of the rheumatic process. In the following paragraphs the 
relationship of outbreaks of recrudescences among known rheumatie 
subjects to infection with hemolytic streptococcus is detailed. 

1. The Rclatiouship of Outbreaks of Recrudescences in Isolatco 
Rheumatic Colonics to the Appearance of Streptococcus Hemolyticus ii< 
the Throat Flora . — In September, 1931, the author had under ob- 
servation thirty girls with rheumatic heart disease at The Pelham 

® Dr. F. Griffith has kindly sent two throat strains (G3 and G4) from this 
epidemic. These have been studied and are reported in Paper II, page 646. 

® Dr. F. Griffith has kindly sent two throat strains (G1 and G2), the latter the 
Beatty culture. They have been studied and are reported in Paper II, page 649. 
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Home.^ Of these only two were physically unable to attend school. 
There was in no instance definite clinical manifestation of an active 
rheumatic process. The tonsils had been removed in all except three 
individuals, and there was no indication of throat infection in any 
of the group. During the period of observation, the diet was adequate 
and liberal. All of the children gained weight. The Home was kept 
dry and heated at constant temperature during the school year. The 
only change during this period of observation was the discharge of 
five girls at the end of the first school term in March, and the ad- 
mission of new patients in their places. A record of each individual’s 
symptoms was charged daily, and each girl received a weekly physical 
examination. 

The first rhemnatic attack appeared on October 1. It was mild but 
definite. The occurrence of subsequent rhemnatic attacks was as 
follows: 


1930 

1931 
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Jan, 

F«b. 

Mar. 
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July 

Aug. 
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From the preceding table it can be observed that during 12 months 
there were thirteen rheumatic attacks among thirty-five subjects; 
three severe, two moderate, six mild, and two questionable attacks. 
Six of these occurred during the 2nd week of March. Pre\nous to 
that time, only two children had experienced symptoms, and these 
had not been severe. In addition, two children who were discharged 
during the 2nd week in hlarch developed rheumatism within a fort- 
night after arriving home. Eight of the eleven definite attacks were 

^ A severe epidemic of pancarditis among rheumatic subjects was described by 
Boas and Schwartz (13) at Montcfiore Hospital in New York City. They 
obser\-cd that no cases developed among the non-rheumatic population and that 
the outbreak followed a wave of respirators- infections which spread through the 
wards and was contracted by all groups of patients. 
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preceded by mild pharyngitis, accompanied by the presence of hemo- 
lytic streptococcus in the tliroat flora. There was in each instance a 
symptom-free period of from 1 to 3 weeks between the subsidence of 
the local infection and the development of definite rheumatic mani- 
festations. In several instances, severe epistaxis preceded by 2 or 
3 days the recognition of a rheumatic recrudescence. These findings 
were similar to those of the years 1928-30, in which two outbreaks of 
rheumatic recrudescences were observed. Each followed a wave of 
upper respiratory tract hemolytic streptococcus infection detected by 
daily throat cultures. 

A series of recrudescences was closely observed in one individual. 
This was the only patient at The Pelham Home mth e\ddence of 
active rheumatism during the fall of 1930. She was also the only 
patient who experienced respiratory infection. The recrudescences 
in this individual appeared to be associated with attacks of sinusitis. 
During the fall months hemolytic streptococcus was foimd in tliis 
patient and occasionally in two girls vdth large tonsils. On February 
28 during a pharyngitis, this organism (Strain RPHl) reappeared 
after an absence of 6 weeks. This mild infection with hemolytic 
streptococcus was preliminary to a fulminating rheumatic attack. 
During the 10 montlis since the subsidence of acute symptoms, hem- 
olytic streptococcus has not been observed in her throat flora; she has 
been free of upper respiratory disease; there have been no rheumatic 
manifestations. 

The association of outbursts of recrudescences in rheumatic colonies has been 
carefully described by Schlesinger (14) and also bj’- Sheldon (15). Collis (5) made 
bacteriological studies on the outbreak of recrudescences among the rheumatic 
cliildren in Dr. Sheldon’s wards at the Cheyne Hospital. He found that the 
organism causing the epidemic was hemolytic streptococcus, and it is shown that 
only after infection with this organism did relapses occur during these 4 months. 
A small epidemic of upper respiratory infection termed “colds” and associated 
with the pneumococcus produced no effects. ® 

These findings of English phy’^sidans and the observations at The 
Pciliam Home for girls with rheumatism indicate the close relationship 

® Tlmough the kindness of Dr. W. R. Collis, two of the throat strains from this 
epidemic (Cl and C2) have been studied. They are reported in Paper H, 

649. 



ALVIN r. COBURN AND RUTH H. PAULI 


619 


between outbreaks of recrudescences among isolated groups of rbeu- 
matic subjects and tbe appearance of hemolytic streptococcus in the 
throat flora of the individuals. 

2. The Relationship of Several Recrudescences in the RJieumalic 
Family to Outbreaks of Hemolytic Streptococcus Infection. ^That several 
cases of rheumatism may appear almost simultaneously in a single 
household has been repeatedly observed. In a previous report (6),® 
such a family epidemic was described and its relationship to an out- 
break of hemolytic streptococcus phar 3 mgitis was indicated. Subse- 
quently, three similar family epidemics have been observed clinically 
and by bacteriological study. 

Family TT'^. — ^The father was known to have had rheumatic fever; the mother 
was thought to be a non-rheiunatic subject. The first daughter, C., was admitted 
to the Presbyterian Hospital at the age of 7. Because of frequent epistaxis, 
during the 3rd j'ear of life, her tonsils were removed at the age of 4. hlild muscle 
pains were frequent, and then in 1925, following cervical adenitis, she developed 
polyarthritis. MTiile under observation in this study she experienced frequent 
attacks of chorea but escaped severe heart disease. Three more children were 
bom, and their progress observed since infancy. In Jime, 1930, the first son, 
Ch., contracted a sore throat; the rheiunatic sister was away at a convalescent 
school, but the second boy was at home. The oldest boy developed pancarditis 
and was rushed to another hospital, where no throat cultmes were obtained. The 
second brother experienced severe epistaxis at this time and the throat cultures 
contained hemolytic streptococcus in predominance. During the winter of 1931, 
C. contracted hemolytic streptococcus pharyngitis while at The Pelham Home 
and e.xperienced a recrudescence 10 daj-s later. The three oldest children in the 
city remained quiescent. In the spring of 1931 when the four children were at 
home together, a respiratory infection was followed by chorea in C., carditis in 
Ch., erj’thcma marginatiun in E. and subcutaneous nodules in A. Following 
this, it was possible to obtain throat cultures onlj' on C.; hemolytic streptococcus 
was again recovered. In the fall C. returned to The Pelham Home, where her 
throat became free of hemolytic streptococcus and her chorea subsided. In 
Jan., 1932, Ch. again contracted a respiratory infection. Tbe other members 
escaped, and their throat flora did not contain hemolj-tic streptococcus. This 
organism (Strain R29) was, however, present in Ch.’s throat, and its advent was 
followed by a fulminating, probably fatal, rheumatic attack. 

Family .4 /.—Consists of three daughters. Two of them had rheumatism and 
were obsct%-cd at The Pelham Home in 1928 and 1929. During a wave of hemo- 
lytic streptococcus infections in 1929 both had this organism in the throat flora 


’ Coburn (0), p. 186. 
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been free of hemolytic streptococcus for 13 months, and after she had been en- 
tirely symptom-free for 11 months, -while living -with her family, she contracted 
pharyngitis -which -was epidemic in the home. At that time, hemolytic strepto- 
coccus (Strain R17) appeared in large numbers in the throat flora. The brother 
and mother also experienced this pharjmgitis and mild rheumatism. 10 da}'s 
after the arri-val of this organism in the daughter’s throat, she experienced a ful- 
minating rheumatic attack. For the subsequent 6 months foUo-wing recover}', 
she has remained s}'mptom-free and this pathogenic agent has not reappeared. 
In all, more than 600 throat cultures -were made on the daughter during 2 years, 
at her o-wn home and at The Pelham Home. There was a close relationship 
between the family epidemics of hemolytic streptococcus phaiyngitis and recrudes- 
cences of rheumatic disease in these three members. By separating the daughter 
and son it was possible to demonstrate that a recrudescence occurred only in the 
individual -with a hemolytic streptococcus throat infection. By bringing them 
together it was striking that, foUo-wing a household epidemic of hemol}'tic strep- 
tococcus phar}’ngitis, each member developed a rheumatic attack. 

In the first family, the initial appearance of rheumatism -was 
observed in three members. In the second and third families, re- 
crudescences of the disease were observed under a variety of condi- 
tions, and careful studies of the throat flora were made. The one 
constant factor in these outbreaks of recrudescences in rheumatic 
homes was their relationship to family epidemics of hemolytic strepto- 
coccus throat infection. 

J. The Relationship of Recrudescences in the RJieuniatic Subject to 
the Ecology of Hemolytic Streptococcus. — The findings in a group of 
rheumatic indixdduals studied in New York before and after trans- 
plantation to Puerto Rico were described in a pre-vious report (6).’° 
It was pointed out at that time that recrudescences of rheumatism 
among the group returning to New York City closely followed the 
arrival of hemolytic streptococcus in the phar^mgeal flora. One of 
these indh'iduals escaped infection, however, until Februaiy', 1931. 
His story in brief is as follows: 

E. C., A 0 . JOOjOP. ^The patient is a 16 year old boy who had been under ob- 
serration for 4 years. During two previous recrudescences, hemohlic strepto- 
coccus had been recovered from the throat flora. This organism -was not found in 
the phaiyngeal cultures from Dec., 1928, the date of sailing for Puerto Rico, until 
Feb. 14, 1931. During this period of 26 months his rheumatic process appeared 
entirely quiescent. On Feb. 14 he experienced a “bad cold;” hemolytic strepto- 
coccus (Strain R15) reappeared at this time in large numbers. Although he 
remained in bed, a severe rheumatic recrudescence manifested itself exactly 11 


Cobum (6), p. 214. 
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days after the respiratory tract infection. Since recovery he has remained symp- 
tom-free and hemolytic streptococcus has not been foimd again in his pharynx. 

In contrast, two children who experienced severe and frequent bouts 
of rheumatic fever before going to Puerto Rico have subsequently 
remained free of respiratory infections. Hemolytic streptococcus has 
not appeared active in their throats during the past 3 years, and the 
disease process has remained clinically quiescent. These individuals 
studied while in the tropics and in New York demonstrated the close 
relationship of the rheumatic recrudescence to the geographical dis- 
tribution of hemolytic streptococcus. 

4. The Relationship of Outbreaks of Recrudescences in Ambulatory 
Rheumatic Subjects to the Incidence of Hemolytic Streptococcus. — Con- 
tinuous clinical and bacteriological observations were made on a 
group of ambulatory rheumatic subjects, 165 of whom had been 
studied for at least 3 years. As in previous fall seasons, there was little 
evidence of rheumatic activity in October, 1930. Although experi- 
encing three waves of “conamon colds” all but three patients were 
symptom-free, until the middle of February, 1931. Within the subse- 
quent 6 weeks, however, ten of the group developed severe recrudes- 
cences. These recrudescences in the spring of 1931 were preceded by 
a wave of hemolytic streptococcus pharyngitis, wlrich also evidenced 
itself simultaneously among the other groups under observation. 

Monthly Incidence of Acute Rheumatic Attacks among Ambulatory Rheumatic 

Subjects 


1930 

1931 

Sept. 

U 

o 

> 

u 

u 

p 

c 

rt 

Feb. 

Mar. Apr. 


*+-1-1- 


+ 



++, ++, 
++, ++ 

++> +, ++ + 

+ + ++ , +++ 

+, + + + 

+ ++, + ++, 

+ + 

++ , +++ 
-1 — 1*+ 


* -P mild attack, -f-f moderate attack, -f- -P -f severe attack. 


Chart 3. Patient E. C. This chart illustrates the course of a rheumatic boy, 
before, during and after living in the tropics. The throat flora, the clinical picture 
and a simple linear cur\'c shoving the patient’s condition are represented vitb 
the same sjunbols as used in Chart 2. 
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Twenty of the group had well defined infections of the pharynx, 
and in these, throat cultures plated on fresh rabbit blood agar demon- 
strated the presence of hemolytic streptococcus. Sahcylates were 
not administered before the onset of the rheumatic attack because of 
the possibihty of masking symptoms and preventing definite interpre- 
tation of the clinical changes. The histories of consecutive cases of 
rheumatism, and the findings in these illustrative individuals are 
described in brief. 

A. iY., 'No. 71362 . — The patient is a bo}’ of 13, who has been obsen’^ed for 3 3 'ears. 
He had previously experienced repeated rheumatic attacks, following hemolj'tic 
streptococcus pharjmgitis. On Jan. 27, 1931, after having been S 3 'mptom-free 
for 1 3 'ear, he contracted a “sore throat” with hemol 3 ^ic streptococcus appearing 
as a prominent organism (Strain R8). This was followed b 3 ' a severe rheumatic 
recrudescence, which persisted for 5 months. Hemob'tic streptococcus had been 
absent from the throat cultures previous to the onset of sore throat and has not 
been recovered subsequentb’. 

R. G., No. 59498 . — ^The patient is a man of 22, who has been under observation 
for several years. He had been s 3 Tnptom-free for 5 years. On Jan. 1, 1930, he 
contracted a “sore throat.” At that time hemob’tic streptococcus which had been 
previously absent from the throat flora, appeared in moderate numbers (Strain 
R6), persisted for 6 weeks and has not been subsequenth’ recovered. Exactb’ 
, 3 weeks after the onset of phar 3 'ngitis, he experienced a mild rheumatic attack 
which persisted for about 1 month. 

E. C., No. 81233 . — ^The patient is a girl of 9, who has been rmder observ’ation 
for a period of 3 3 ’ears. In Jan., 1931, she contracted a “sore throat” which was 
followed b 3 ' a mild rheumatic attack. Hemob’tic streptococcus, which pre^’iousb■ 
had not been recovered from the patient’s phar 3 ’nx, appeared as the predominant 
organism (Strain RIO) at the da 3 ’ of onset of infection, persisted for 1 week and 
then disappeared. This organism was associated with infection in other members 
of the famib' and has not been subsequentb' recovered from the patient’s throat 
flora. 

P. Me., No. 71128 . — ^The patient is a bo 3 ' of IS, whose three sisters living in 
different parts of New York have been obserx'ed during rheumatic attacks. On 
Nov. 1 1 , 1930, he contracted a “sore throat” at which time hemob’tic streptococcus 
(Strain R3) was present in large numbers. 3 weeks later he developed pol;-- 
arlhritis and a prcs 3 ’stolic murmur. 

H’. P ., .^ 0 . 2M703 . — ^The patient is a 19 3 ’car old clerk, under obscr\’ation for 
2 3 -cars. He appeared in perfect health, when on Feb. 26, 1931, he contracted a 
cold.” At that time his phara-nx was markedb’ injected and the throat culture 
contained hemolytic streptococcus in almost pure culture (Strain R18). This 
organism, which had pre\’iousb’ been absent, persisted for 12 da 3 -s. 10 da 3 -s after 
the local infection, he developed a severe rheumatic attack which necessitated 
treatment in the hospital for 13 weeks. 
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J. D., No. 61215 . — The patient is a 12 year old boy, under observation for 7 
years. On Apr. 15, 1931, he contracted a "sore throat.” At that time, hemolytic 
streptococcus, which had not been recovered from the pharynx in 2 years, 
appeared in almost pure culture (Strain R23), persisted for 1 week and then dis- 
appeared. Shortly after the local infection subsided, he developed a severe 
rheumatic attack whiclr necessitated bed care for several months, 

G. R., No. 73773 . — The patient is a 21 year old college student, under observa- 
tion for 3 years. On Feb. 2, 1931, she contracted a “sore throat.” At that time 
hemolytic streptococcus, which had not been recovered from the pharynx in 18 
months, appeared in almost pure culture (Strain Rll), persisted for 3 days and 
then disappeared. The local infection was followed by a mild rheumatic attack. 

M. R., No. S3325 . — The patient is a housewife of 33, who has been under 
observation for 2 years. On Feb. 5, 1931, she contracted a “sore throat.” At this 
time, hemolytic streptococcus appeared as the predominating organism (Strain 
R12), persisted for 2 weeks and then disappeared. 10 days after the local infec- 
tion she developed a moderately severe rheumatic attack. 

J. Z., No. 290435 . — ^The patient is a 32 year old cook who has been under 
observation for a few months. On Mar. 11, 1931, he contracted a “sore throat.” 
At this time hemolytic streptococcus was the predominating organism (Strain 
R20). His tonsils were later removed and this organism recovered in pure culture. 
The local infection was followed by a mild rheumatic attack, which necessitated 
hospital treatment. 

M. 0,, No. 82235 . — ^The patient is an 18 year old maid who has been under 
observation for 1 year. She w'as in good health when on Feb. 21, 1931, she contrac- 
ted a “sore throat.” At that time hemotytic streptococcus, which had pre^^ously 
been absent, appeared in large numbers in the pharyngeal cultures (Strain R35). 
The organism persisted for a few day's and then disappeared entirely'. 3 weeks 
after the onset of the local infection she developed a moderately severe rheumatic 
attack. This association of recrudescences with hemolytic streptococcus infection 
of the throat was observed in this individual in the winters of 1929, 1931 and 1932. 

F. B., No. 70078 . — ^The patient is a schoolboy of 11, who has been under our 
observation for 5 y'ears. Throughout the entire years of 1930 and 1931 he e.v 
perienced rheumatic activity and hemolytic streptococcus was alway's present 
in the pharyngeal cultures. Tonsillectomy was perfomed on May' 1, 1931, and 
hemoly'tic streptococcus recovered in pure culture from the tonsils (Strain R22). 
10 day's later he developed a fulminating attack of rheumatism. This organism 
has not been recovered subsequently and his disease process has remained quiet. 

T^. T>., No. 59760 . — ^The patient is a girl of 16 who has been under observation 
for 5 y'ears. She had been observed throughout six mild recrudescences. On Mar. 
1, 1931, she contracted a “sore throat.” At this time hemolytic streptococcus, 
which had not been recovered for 1 1 months, appeared in almost pure culture 
(Strain R21) . This was followed by a moderately severe rheumatic attack 9 days 
after the local infection. She subsequently' remained symptom-free and hemo- 
lytic streptococcus has not y’et again been recovered. 
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C. M., No. 285560 . — ^The patient is a 12 year old girl observed during the period 
of 1 year. Following discharge from The Pelham Home, she contracted a “sore 
throat” and 2 weeks later, Nov. 21, 1931, she was admitted to the hospital with 
acute rheumatism. After 3 months’ rest in bed, the tonsils were removed. 48 
hours later, she developed a severe recrudescence. Each tonsil contained hemo- 
lytic streptococcus in pure cultme (Strain R26). 

R. B., No. 71809 . — ^The patient is a 15 year old boy who has been rmder ob- 
servation for 4 years. During 1928 and 1929 he carried hemolytic streptococcus 
in his throat and experienced imld rhemnatic sjanptoms. In Oct., 1931, he ap- 
peared in better health than ever in the past. He had been entirely sjmptom-free 
for more than 1 year, and hemolytic streptococcus had not been recovered from 
his throat in 18 months. On Nov. 30 he contracted a “bad cold.” Hemolj’tic 
streptococcus (Strain R25) reappeared in almost pure culture. A rheumatic 
recrudescence followed 1 week later. After 3 months of rest the tonsils were 
removed, and the identical type of hemolytic streptococcus was present in pre- 
dominance. 4 hours later he experienced an exsanguinating epistaxis. This was 
followed 2 da}'s later by a severe recrudescence of the rheumatic process. 

I. P., No. 241826 . — ^The patient is a yotmg West Indian negro housewife, pre- 
viouslj' admitted with rheumatic heart disease. While under observation for 2 
years, hemolytic streptococcus was not recovered from her throat flora. On Nov. 
16 she contracted a “sore throat” with hemolytic streptococcus in predominance. 
10 days later she was admitted to the hospital with pancarditis. The tonsils 
were removed on Jan. 20. They contained hemolytic streptococcus in almost 
pure culture. This organism was identical with the throat strain of Nov. 16 
(Strain R27). 6 days later she dev’eloped a recrudescence. 

T. F., A’ 0 . 307511 . — The patient is a girl of 6 who after 8 months rest in bed 
appeared to have recovered from a severe rheumatic attack. She was readj’ for 
convalescent care at The Pelham Home when on Feb. 10, the house officer in 
charge of her ward developed hemolytic streptococcus pharyngitis. The following 
day, she contracted a "sore throat.” Pharyngeal cultures on Feb. 12 contained 
hemolytic streptococcus in predominance. This organism (Strain R34) disap- 
peared after a few flajs, and the patient recovered rapidly. On Feb. 20, after 6 
days of normal temperature, the patient developed a fulminating rheumatic attack 
with pancarditis. 

F. R., No. 68034 . — ^The patient is a 15 3-ear old school bo}- under obsen-ation lor 
4 years. He had experienced t>-pical attacks of rheumatic fever in 1924 
and 1926, for which his tonsils had been removed. Although stigmatized vdth 
mitral stenosis he remained S3mptom-free until hra3', 1928, when he developed 
a recrudescence of his disease following hemol\-tic streptococcus pharv-ngitis. 
For 3 years he cnjo3-cd excellent health, except for gonococcus urethritis. 
On Mar. 10 he contracted pharyngitis, and hemol3-tic streptococcus (Strain R36) 
reappeared in his throat for the first time in 3 years. On Mar. 19, 7 da\-s after 
the subsidence of the local infection, he again became ill with t3-pical acute rheuma- 
tic fever. 
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in the rheumatic subjects who remained free of upper respiratory tract 
infection, the morbid process seemed in almost all cases clinically 
quiescent; second, in those individuals who contracted a pharyngitis 
before the recrudescence, the throat flora included hemolytic strepto- 
coccus during the period of infection. As in scarlet fever (16) this 
organism usually disappeared from the throat flora in 2 weeks. Even 
in most of the patients with extremely severe rheumatism, the pharyn- 
geal infection was mild and transient. In many instances, this patho- 
genic agent, although present in nearly pure culture at the onset of 
pharyngitis, was inconspicuous during the quiescent period and absent 
when the rheumatic process manifested itself. 

A less well defined relationship appeared in three other groups. In 
seventeen patients, the infection preceding the rheumatic attack did 
not occur in the pharynx, and the throat flora showed nothing abnor- 
mal. Thirty-two patients had vague complaints and frequently 
carried hemolytic streptococcus in the throat flora. In these, it was 
not possible to date the onset of infection nor determine satisfactorily 
the reactivation of the disease process. Twenty-five patients seemed 
to escape a recrudescence following hemolytic streptococcus infection. 
Three of these, imder close observation, were foimd to experience 
pyrexia (102°) during the 2nd week after infection. Whether rheu- 
matic attacks were aborted or whether the rheumatic process became 
active, but too insidious for clinical recognition, is not determined. 

Finally, six consecutive hemolytic streptococcus infections, occur- 
ring in a period of 2 weeks among the ambulatorj’^ group, illustrate the 
relationship of this organism to the rheumatic attack. The clinical 
records of these patients are in brief as follows: 

E. R., Ao. S271S . — This 14 j-ear old boy with rheumatic heart disease had re- 
mained almost sjTnptom-free for 3 years. Although he contracted “colds,” 
pathogenic agents were not recovered from the phaiyngeal flora until .Apr. 14. 
On that day he c.^perienced a “sore throat” with fever 102°, and hemohlic strep- 
tococcus appeared as the predominating organism. All symptoms, the infectious 
agent and the leucoc^dosis disappeared in 3 days. During the nc.\t 7 da>-s the 
patient, although closely observed, seemed in c-xcellent health. On .Apr. 28, a 
cliangc took place. He experienced malaise; there was striking alteration in the 
electrocardiogram, characterized by the sudden development of prolonged con- 
duction time with P-R intera’al equal to 0.23 second and an elevation of the S-T 
intera-al. At the same time, although the pulse and temperature remained normal. 
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the Addis red cell count rose precipitously from normal to 20 millions in 12 hour 
urine excretion and leucocytosis of 12,000 developed. 

14 days after hemolytic streptococcus (Strain R45) infection, tlie 
findings indicated reactivity of tlie rheumatic process; however, the 
patient was entirely unaware of these changes whicli were detected 
only by laboratory studies. 1 month later he was readmitted to the 
hospital because of myocardial insufficienc 3 ^ 

M. E., No. 292652 . — ^This 14 year old girl had been symptom-free for 12 months. 
On Apr. 29 she contracted a “sore throat” with fever of 102°. Throat cultures, 
two each week for 12 months, had up until this day revealed no pathogenic organ- 
isms; however, with the onset of pharimgitis, hemolytic streptococcus appeared 
prominent in the flora. 3 days later, the temperature and white blood count were 
normal. On the 10th daj’’ after subsidence of the local infection, with normal pulse 
and temperature, she developed mild joint pains, especially about the left shoulder; 
the white blood count rose to 14,000; no other rheumatic manifestations developed. 

This individual experienced a rather severe throat infection witli 
hemolytic streptococcus (Strain RPH2) on April 29. On ]\Iay 12 a 
change took place. The patient was under close observation and a 
steady rise in the leucocyte count and mild polyarthritis were detected. 
This attack was so slight that, although recognized by the physician, 
it would have probably been overlooked by the patient. 

L. K., No. 2777 SS . — This 13 3’'ear old girl with mitral stenosis had experienced 
no rheumatic manifestations for 9 months when on May 1 she contracted a 
“sore throat” wnth fever of 103°. No pathogenic organisms had been found in the 
throat flora, although two cultures were obtained each month, until the 1st day 
of symptoms, when hemob-^tic streptococcus appeared in almost pure culture. 
After 4 days, all symptoms and this organism disappeared; however, a slight eleva- 
tion of temperature and leucocyte count persisted. On May 11, the temperature 
rose to 101°; there were mild precordial twinges; the leucocjde count rose from 
9,400 to 12,000 with an increase in pob'-morphonuclears from 68 to 81 per cent. 
This was followed by headache, mild joint pains and further elevation of body 
temperature. 

On the 12th day after the onset of hemolytic streptococcus (Strain 
R48) throat infection, this patient experienced a series of changes 
w’hich were characterized by an abnormal temperature, leucocyte 
count and by mild aches in the region of the precordium and joints. 
They were recognized, probably onty because the patient was under 
close obsciA’ation in the hospital. 
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M. K., No. 280024 . — ^This 14 j'ear old girl with rheumatic heart disease had 
been s 3 ’mptom-free for 9 months. Throat cultures had been obtained twice a 
week or twice a month during this period, and hemolytic streptococcus was not 
recovered imtil the onset of a “cold” and mild “sore throat” on May 2. The 
local infection was transient; she was kept in bed only 1 day. On May 10 she 
developed a typical rheumatic attack with fever 102°, leucocjdosis and migrating 
polj-arthritis with the usual response to sodium salicjdate. 

This individual, following a mild pharyngitis with hemolytic strep- 
tococcus (Strain R49), developed a moderately severe, easily recog- 
nized attack of rheumatism. 

E. L., No. 298005 . — This 16 year old boj"- with rheumatic heart disease appeared 
sjTnptom-free until Apr. 29 when he contracted a “bad cold.” Prewous throat 
cultures obtained each month had not contained hemolytic streptococcus. How- 
ever, with the onset of the respiratory infection this organism predominated the 
phar 3 ’ngeal flora. On May 5, 3 days after recovery from the local infection, there 
was a rise in body temperature to 101° with a tachycardia of 140. ^^^lile at rest 
in bed, the patient developed a severe rheumatic attack with epistards, polj'- 
arthritis and carditis. 

This boy, recovering from hemol}riic streptococcus (Strain R46) 
pharyngitis, developed fever, epistaids and tachycardia, which were 
followed by the well recognized picture of rheumatic fever with myo- 
cardial insufficiency. 

5. S., No. 339869 . — This 19 j'ear old girl with mitral stenosis was almost en- 
tirely sjTnptom-free for 4 j'ears, when on Apr. 22 she contracted “grippe” and a 
“bad cold.” This was accompanied by the advent of hemoljiic streptococcus, 
not recovered in over 3 years from her pharyngeal flora. The local infection was 
severe and was followed by cervical adenitis. On Maj' 4, 1 week after recovery, 
she seemed in excellent condition; however, on Maj' 11 she became neri'ous. At 
this time her temperature was 101°. She was not aware of ha\'Tng rheumatism. 
During the follor\ing 48 hours, the temperature, pulse and leucoc>'te count rose 
steadih-. She developed a fulminating rheumatic attack. 

This individual with a 4 year symiptom-free period experienced an 
intense rheumatic attack 10 day's after recovery from infection of the 
upper respiratory' tract with Streptococcus hanolyticus (Strain R47). 

These patients illustrate the effect of six consecutive hemoly'tic 
streptococcus infections among a group of ambulaton' rheumatic 
subjects. Each indix'idual was in the adolescent period; each lived a 
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few miles from the other; each had escaped respiratory disease for 
months; in each the throat flora had been free of hemolytic strepto- 
coccus for 1 year or longer; each contracted a pharyngeal infection 
during the last 10 days of April; in each tire advent of hemolytic 
streptococcus was recognized at the onset of the local infection. In 
the first patient, the laboratory determinations showed evidence which 
suggested a recrudescence of the rheumatic process. In the second 
and third, with close clinical observation, it was possible to detect signs 
which the patient may have overlooked. In the last three individuals, 
t 3 ^ical well recognized rheimiatic attacks followed about 48 hours 
after the rise in temperature and pulse rate were observed by the 
physician. The findings in this small group are representative of the 
observations made over a period of 4 years; namely, that foUowng 
respiratory infection with Streptococcus hemolyticus the rheumatic 
subject usually experiences a clinical change. This change, in' most 
instances, is characterized by symptoms which indicate actwty of 
the disease process, but in some individuals is detected only by the 
objective findings of the physician. 

SUMMARY 

Certain factors of climate are favorable to streptococcus respiratory 
diseases. In those tropical environments where hemolytic strepto- 
coccus is unusual in the throat flora, scarlet fever is unknown and 
rheumatic fever rare. In New York City, however, following epi- 
demic waves of pharyngitis with hemolytic streptococcus the incidence 
of rheumatic fever rises precipitously. The correlation betw'een tlie 
geographical distribution of hemolytic streptococcus and rheumatic 
fever is a definite one. 

Furthermore, in New York City during the seasons of the year in 
w^hich hemolytic streptococcus is seldom recovered from the phar}mx, 
acute attacks of rheumatism are unusual. Corresponding to the 
seasonal rise in hemolytic streptococcus infections, the curve of inci- 
dence of acute rheiunatism shows a similar form. 

Among the children of wealthy patients, enjoying great protection, 
hemolytic streptococcus has been recovered infrequently from tlie 
throat, and rheumatism has not been encountered during this study. 
Among the poor under observation in New York City, however, the 
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organism is foimd frequently in the pharyngeal flora, and rheumatic 
fever is common. The findings suggest that poverty and unhygienic 
living conditions favor both the activity of hemolytic streptococcus in 
the throat and the incidence of rheumatic fever. 

Moreover, localized outbreaks of rheumatism have been observed 
frequently following epidemics of “sore throat.” Bacteriological 
studies of these upper respiratory infections demonstrate a close rela- 
tionship between the advent of hemolytic streptococcus in the throat 
flora and the outbreak of rheumatic fever in susceptible individuals. 

In addition to these studies of streptococcus infections and their 
relationship to the development of rheumatic fever, observations of 
the rheumatic patient add further emphasis to this association. First, 
among a group of rheumatic children in an isolated environment, 
reactivation of the rheumatic process has been recognized only follow- 
ing the advent of hemolytic streptococcus in the throat flora. 

Also, an investigation of families in which several members have 
rheumatic heart disease has led to the same conclusion. Recrudes- 
cences of the disease have been observed under a variety of conditions 
among these individuals. However, the one constant factor in the 
outbreaks of recrudescences in rheumatic homes is their association 
with family epidemics of hemolytic streptococcus infection. 

Moreover, by studying rheumatic patients before, during and after 
transplantation to a tropical environment, it has been possible to 
demonstrate a close relationship between activity of the disease proc- 
ess and infection with hemolytic streptococcus. While the rheu- 
matic patients remained in the tropics this organism was not recovered 
from the pharyngeal flora, and the disease process seemed quiescent. 
On return to New York City, those individuals who have escaped 
respirator}’- infection have remained sjTuptom-f ree . However, of those 
who have contracted hemolytic streptococcus phar^mgitis, each has 
developed a rheumatic attack -within 3 weeks after infection. 

Finally, extensive bacteriological studies made in ambulator}' rheu- 
matic subjects over a period of 4 years have demonstrated that the 
individuals who escape respirator}- disease remain free of rheumatic 
manifestations. On the other hand, the majority of rheumatic pa- 
tients who contract hemolytic streptococcus phaiymgitis e.xperience 
shortly aftenvard a definite recrudescence of their disease. In con- 
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In order to investigate further the nature of the hemol}d:ic strepto- 
coccus associated -with acute rheumatism (1), a study has been made to 
determine the biological character of the organisms encountered. The 
observations include: a study of toxin production; neutralization of 
toxin by a standard antitoxin; the question of the existence of specific 
tjqjes of these streptococci, and their relationship to scarlatinal strains 
of hemolytic streptococcus. 

1. General Characteristics . — In Table I the general characteristics 
of the organisms studied are presented. The cultural characteristics 
represent the appearance of surface colonies at 72 hours seen through a 
Zeiss plate microscope. In determining the fermentation reactions 
Holman’s technique was employed. As indicators brom-cresol 
purple 0.002 per cent and methyl red O.OI per cent were used. 

The general characteristics are detailed in Table I. With few ex- 
ceptions,* no unusual phenomena of growth were encountered. Ac- 

* Phosphate broth inoculated with the organisms in Table I in 24 hours showed 
flocculent or granular growth in suspension and formed \ar\-ing amounts of 
sediment; whereas 0.1 per cent de.xtrose broth in 24 hours deposited an abimdant 
sediment but left a dear supernatant. No. R4 was the only c.xccption. It was 
isolated from the interior of a tonsil and grew with great difuculty at first. .After 
several passages through blood broth and on blood agar plates, it multiplied but 
without \Tsible growth in phosphate broth. Not until the tenth passage in the 
phosphate broth did growth appear; this was a verj- fine dusty sediment. At no 
lime did it afford a yield sufficient for making HCl extract. 

The organisms on arlifidal medium with three e.tccptions remained constant 
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cording to Holman’s classification, more than 70 per cent of the 
organisms associated with rheumatic fever have been Sircpiococcus 
pyogenes. Others in order of frequency have been Sireptococciis in- 
frequens, Streptococcus equi and Streptococcus hemolyticus III. 

2. Toxin Production. — In order to obtain information concerning 
the capacity of these organisms to produce toxin, three groups of 
strains were sent to the New York State Department of Health. 
There, through the kindness of Miss Mary Wheeler and Miss hlary 
Kirkbride, the toxin production of the strains was determined by 
testing the filtrates from 48 hour broth cultures intracutaneously in 
goats. The strains included: 

Group A, old laboratory throat strains from individuals who had scarlatina 
followed by severe rheumatic disease (R1 and R2). 

Group B, organisms obtained from the throats of patients admitted to the 
hospital with rheumatic disease (Strains R7, R9 and R13). 

Group C, organisms from the pharynx of rheumatic individuals obtained at the 
time of sore throat. In each instance the infection was followed by definite 
rheumatic attack. Strains R8, R12, R17 and R18 were from patients who had 
severe rheumatic manifestations, and Strains R3, R6 and Rll from patients with 
mild attacks. Strain S9 was associated with moderately severe scarlet fever, 
W’hich was followed b}^ definite rheumatism with carditis. 

The findings are summarized in Table II, a. 

The toxicity of the strains was determined by testing the filtrates 
from 48 hour broth cultures intracutaneously in goats. Neutraliza- 
tion tests were also made with an antistreptococcus goat serum pro- 
duced with Dochez NY5 strain of hemolytic streptococcus. Each fil- 
trate wdth the exception of the filtrate of RS9 was tested at different 
times on from two to four goats. 

Two filtrates prepared at different times from each of Strains Rb 
R2, R9 and R13 induced no reaction or only a questionable reaction 


in their appearance. No. R6 developed a variant, a hemolytic streptococcus. 
The original was a raised olive-brown colony; the variant was flat, without definite 
center. The two showed a difference in the fermentation of salicin. No. R16 on 
two occasions developed a variant, which was a methemoglobin former. No. Ro 
developed during the first 6 months on blood broth a non-hemolytic variant with 
sugar reactions identical to the original strain. 
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in the largest dose employed, 0.01 cc. '(0.1 cc. of a 1:100 dilution of 
filtrate). 

Filtrates of Strains R3 and R6 were slightly toxic, inducing slight 
but definite skin reactions in doses of 0.01 cc. and 0.0002 cc., depending 
on the susceptibility of the animal tested. Both toxins were neutral- 
ized by the Dochez NY5 antistreptococcus goat serum. 

TABLE II, a 


Toxin Production by Strains of Hemolytic Streptococcus Associated with Rheumatic 

Fever 
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Strains R1 and R2 had been on artificial media for a long period of time. Strains 
R7, R9 and R13 were recovered during attacks of rheumatism. The remainder 
were cultured from throats during the transient infection preceding the rheumatic 
attack. 

Strain S9 produced a moderately potent toxin neutralized by the 
NY5 antistreptococcus serum. 0.001 cc. of filtrate induced a strong 
and 0.0002 cc. a moderate skin reaction. 

Strains R7, RS and R15 produced toxins of high potency. The 
filtrates of these strains induced definite skin reactions in doses of from 
0.00001 cc. to 0.00004 cc., depending on the susceptibility of the animal 
tested. These to.xins were all neutralized by the NY5 antistrepto- 
coccus serum. 










TABLE n, b 

The Xeutralhnlion of Toxins Produced by Strains oj Hcmolylic Streptococcus Occurring in the Respiratory Infection Preceding 

Rheumatic Fever 

I Skin reactions of strains isolated from the pharynx in 



etc indicates crytlicma; -f- is a macular lesion over 1 cm, in diameter; -|-+ represents a papular lesion with erythema 
morc^ than 1.5 cm. in diameter. All readings were made at 24 hours. The silver fox rabbits employed in this study gave eh 
reaction and reaction to 10 and to 100 skin test doses of Dick to.xin. 

Ihis scarlet fever organism was a fresh culture of the standard strain used by the New York State Department of Health. 
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Strains Rll, R12, R17 and R18 produced toxins of equally high 
potency. A dose of the NY5 antistreptococcus goat serum which 
completely neutralized the toxins of Strains R7, R8 and R15, had, 
however, little or no neutralizing activity for the toxins of Strains Rll, 
R12 and R18. 

A further investigation was made 1 year later to determine w^hether 
these findings of Miss Wheeler were peculiar to a single outbreak of 
rheumatism. The organisms examined in tliis second study were 
obtained in almost pure culture during the pharyngeal infections 
preceding severe attacks of acute rhemnatism. The toxicity of the 
strains was determined shortly after isolation by testing the filtrates 
from 48 hour broth cultures on the skin of large silver fox rabbits. 
Neutralization of the toxins with New York State Antistreptococcus 
Serum and with the globulin fraction of New York City Scarlatinal 
Antitoxin was studied. The results are presented in Table II, 

From Table II, h, it is seen that strains of hemolytic streptococcus 
associated with acute rheumatism produce strong toxins; that these 
toxins in most cases are completely neutralized and in others instances 
partially neutralized by NY5 antistreptococcus serum; and that 
these toxins are in most instances not neutralized by the globulin 
fraction of scarlatinal antitoxin. These findings show that the obser- 
vations on the toxins produced by strains of hemolytic streptococcus 
associated with rheumatic fever in New York City are not limited to 
a single seasonal outbreak. 

In summary, these studies indicate that the hemolytic streptococcus, 
isolated from the throat during tire infection which precedes the 
rheumatic attack, is in most instances a potent toxin producer, and 
that the majority of these toxins are neutralized by a standard mono- 
valent antiserum. 

3. A Serological Classification of Hemolytic Streptococcus Associated 
loitJi Rheumatic Fever. — ^The most accurate method now available for 
the classification of streptococcus is one based on the studies of 
Lancefield (2) who has developed a method for classification of hemo- 
lytic streptococcus founded on the precipitin test, using serum from 
winch group antibodies are absorbed. The results obtained agree 
with tliose previously determined by agglutination and protection 
tests. The following technique, which is essentially that of Lance- 
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field, Has been employed in the classification of hemolytic streptococcus 
associated with acute rheiunatism. 

A. Preparation of ECl Extracts . — ^HCl extracts were prepared as follows: A 
strain of streptococcus was cultivated in 20 liters of buffered sodium phosphate 
broth for 24 hours. The organisms from this material were collected in a Sharpless 
centrifuge. The material was suspended in 90 cc. of normal salt solution. To this 
was added 5 cc. of N/1 HCl, making a final concentration approximately n/20 HCl. 
The suspension in a Pyrex centrifuge tube was immersed in boiling water for 30 
minutes and stirred frequently. After cooling, this material was centrifuged. 
The supernatant fluid was removed and neutralized with n/1 NaOH (indicator 
phenol red). After standing overnight in the ice box a white fluff}' precipitate 
usually appeared. This was centrifuged down, and the clear supernatant fluid 
was used as antigen. 

B. Technique of Immunization . — ^The rabbit antisera were prepared as follows: 
Adult brown rabbits weighing between 2 and 2\ kilos were first tested against 
protein and polysaccharide fractions of hemolytic streptococcus to rule out the 
presence of antibodies to streptococcus. Antibacterial sera were then prepared by 
injecting increasing doses of heat-killed 18 hour broth cultures followed by 18 hour 
living cultures. 

Injections were given on 4 successive da}^, followed by a rest period of 3 days. 

Generally, the rabbits’ precipitin titers were satisfactory after the seventh 
series of inoculations,* but occasionally a long rest period followed by an eighth 
inoculation was necessary. The immune sera obtained were kept at ice box 
temperature without the addition of a preservative. 

C. Absorption of Sera . — ^Absorption of sera was obtained as follows: Bacteria 
from 1.5 liters of plain broth culture of heterologous (S24) and a similar quantity 
of homologous organisms were centrifuged. The organisms in each instance were 
suspended in 1 cc. of saline and killed by heating at 60' for 1 hour. To each tube 
of packed bacteria, 3 cc. of immune serum and sufficient saline to give the desired 
dilution were added. Parallel absorptions were performed at 37° for 10 minutes, 
with both homologous and heterologous organisms. After centrifugation the super- 
natant diluted serum was removed, and preliminarj' precipitin tests set up with 


* Series 1-1.0 cc. heat-killed broth culture intravenously. 

“ 2 - 2.0 “ “ “ « II 

“ 3-4.0 “ “ “ II II 

“ 4-0.5 “ living broth culture intraperitoneallv. 

“ 5-1.0 “ “ “ II II 

“ 6 - 2.0 " “ “ “ <• 

7-4.0 “ " " “ Trial bleeding 3 days after last injec- 

tion. Rest period of 6 to S wks., if ncccssatv-. 

Series 8-5.0 cc. liring broth culture. 
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Tlicsc (Ictcrmiiwlions probably signify a catboliydratc reaction. 
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matic subjects in New York City under continuous clinical observ^a 
tion, studies of the throat flora have been conducted. Hemolytii 
streptococcus in most instances appeared in the pharjmx from 1 to J 
weeks before the onset of the rheumatic attack. These organism 
have been investigated with the usual types of bacteriological tests and 
in addition, have been classified serologically according toLancefield’ 
technique. The results have demonstrated that the organisms wen 
not of a single type, but fell into six antigenic groups. The majorit] 
of the freshly isolated strains tested were strong toxin producers. Tin 
organisms producing the strongest toxin were cultures from tb 
patients who developed extremely intense rheumatism. About 7( 
per cent of these toxins were neutralized by a monovalent strepto 
coccus antiserum. 
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STUDIES ON THE RELATIONSHIP OF STREPTOCOCCUS 
HEMOLYTICUS TO THE RHEUTMATIC PROCESS 

III. Observations on the Imitctnological Responses oe Rheu- 
matic Subjects to Hemolvtic Streptococcus 

By ALVIN F. COBURN, il.D., and RUTH H. PAULI 

{From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital, New York) 

(Received for publication, June 22, 1932) 

There are three phases to the rheumatic attack; first, a brief illness 
of respiratory infection with hemolytic streptococcus; second, a quies- 
cent interval of approximately 10 days; third, the period of clinical 
manifestations of rheumatic fever. The relationship of a throat in- 
fection to the development of the rheumatic attack was described in 
the first paper of this series. In each of the three groups being studied, 
nurses, convalescent rheumatic patients and ambulator}’’ rheumatic 
subjects, there was a well defined quiescent interval between the sub- 
sidence of the local infection and the onset of the rheumatic attack. 
The observations in 1930-31 illustrate these findings.* In the case of 
each student nurse, the quiescent period was at least 3 weeks; in the 
case of convalescent rheumatic patients at The Pelham Home, it 
varied from 5 to 27 days, ’U’ith an average of 12 days; among the am- 
bulator}’ rheiunatic subjects there ■was usually a similar lag; however, 
in a few instances severe rheumatic phenomena followed immediately 
after a “sore throat” subsided. 

The precise date of onset of rheumatism could not be judged with 
accuracy, and for this reason it has not been possible to determine the 
exact length of the quiescent interval. In the case of certain severe 
local infections and of a fev.- tonsillectomies, almost immediate rheu- 
matic attacks were observed. The usual finding was a definite period 

* Haig-Brown (1) in 1SS6 and more recently Hector (2), Campbell and Warner 
(.'>) and Schlesinger (t) have also observed the constant occurrence of this quies- 
cent interval. 
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methods employed and the findings for the 4 year period 1928-32 are 
as follows: 

A. Agglutination Reactions 

During the early part of this study the blood sera of a number of 
acutely ill rheumatic patients were tested for the presence of agglutin- 
ins to Streptococcus mridans. Although agglutinins were present in 
high titer in patients with bacterial endocarditis, there was no in- 
stance in which this was true of the sera of patients wdth acute rheu- 
matism. 

The sera of five groups of individuals were tested for the presence of 
agglutinins to hemolytic streptococcus against strains of hemolytic 
streptococcus: No. C17 (rhemnatic fever throat strain), hemolytic 
streptococcus Nos. NY5 and 273 (scarlet fever strains). The sera 
tested were obtained from the follonring groups: individuals with 
proven hemolytic streptococcus infections (scarlet fever, tonsillitis, 
erysipelas); acutely ill rheumatic patients; quiescent rheumatic sub- 
jects; patients with lobar pneumonia; normal, healthy individuals as 
controls. 

The sera® of the patients in the first two groups in most instances 
agglutinated one or all of the organisms to a titer 1 : 10 to 1 : 40. In 
a few instances agglutination occurred in titer 1:80. In only one 
instance was agglutination observed in titer 1:160. The sera of the 
pneumonia patients, quiescent rhemnatic subjects and controls usually 
failed to agglutinate entirely or agglutinated to a titer no higher than 
1:40. These tests demonstrated that the sera of acutely ill rhemnatic 
subjects resemble in their agglutination titer the sera of patients re- 
covering from streptococcus infection. Because of their low titer 
this method of study was regarded as unsuitable. 

B. Complement Fixation Reactions 

Complement fixation tests were performed with three antigens — 
hemolytic streptococcus carbohydrate, scarlet fever streptococcus 
toxin, scarlet fever streptococcus nucleoprotein. With the carbo- 
h\'drale fractions and toxins no positive reactions were obtained, and 
these procedures were discontinued. The protein fractions, however, 

* Some of these tests were done through the kindness of Dr. M. 11. Dawson. 



654 


SEMOLYTICVS 

^ ojiution of miUi- 

No. 2T.'^ 


1- No. 273 

“'■"-'sd great . ^"."00.1:50,000 


?bt"' Fraction 

!:^^SSiSSiS| 


’«'ere made nf ^eJJs and ' each tnh ' 

03 fo,S:J “ ‘-loontige: :„1:“ “^“'o “oo^aw' “■ »' 

fTllrvi#.^ _ 


Slight 

Complete 


The patients ^vhoseq ^ 

to ^ coot™, ,ro„p 

ote recorded i„ T„b]e I. ■''■O'-oiatic Cer. a he quies- 

The determinations 



BOSTON F5YCi-iOFi\THlC 1 

TABLE I 


IGSPiTTlL LiSRARY 


Comphmenl Fixation Reactions 
Antigen Niicleoprotein C15DIII 
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Control group, non-rheumatic; spring months 

T 







__ 

— 

Be 


-1- 


_ 



— 

— 

Bo 








— 

G 


— 






— 

N 






■■ 


— 

p 



















Nurses, normal and recovering from hemoij'tic streptococcus pharjugitis; spring montts 


Br., normal 

_ 



n 





L. “ 

-i-^ 








S. “ 

+++ 










-r+-\-r 



4- 

— 

— 

— 

rp m tt 









F. “ 

-t-r 

+ 







H. " 


— 

■ 

■1 








• C and T had scarlet fever, t Serum c.v3mincd during the fall showed no strong reactions. 


As is indicated in Table I, tbe complement fixation reaction 
appeared e.xtremely sensitive for the determination of anti- 
body. Because of the variability in hemolytic systems the method 
was not found satisfactory' for sharp interpretation. In certain in- 
stances, the strongest reactions were detected among rheumatic pa- 
tients clinically quiescent; while in fulminating attacks the reaction 
was frequently less striking. The sera of non-rheumatic individuals 
infected by hemolytic streptococcus gave a positive fixation at a dilu- 
tion 1 : 1,000 in most instances, and the serum of each acutely ill rheu- 
matic subject gave a positive complement fixation in 1 : 10,000 dilu- 
tion of the antigen. This type of immunity response suggests a recent 
infection mth Streptococcus lictnolylicus. 
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The results of the complement fixation tests are as follows: The ma- 
jority of the control sera were negative. The sera of individuals con- 
valescing from sore throat or scarlet fever were positive. The sera of 
some rheumatic subjects without clinical symptoms showed strongly 
positive reactions in the spring. The sera of all rheumatic subjects 
during the attack showed a positive reaction, but in some instances 
this reaction was not so strong as in the sera of individuals who were 
symptom-free. 

C. Precipitin Reactions 

To investigate further the possible relationship of the rheumatic 
attack to infection with Streptococcus hemolyticus, the occurrence of 
precipitins to hemolytic streptococcus fractions has been studied in 
detail over a long period of time. That these reactions are not entirely 
specific has been demonstrated by the work of Lancefield (5) which 
indicates an antigenic relationship of the proteins of streptococcus to 
those of pneumococcus, staphylococcus and otlier organisms. 

The materials used as precipitinogen consisted of the following 
hemolytic streptococcus substances: toxins, carbohydrates and pro- 
teins. The toxins were tested for precipitation in several dilutions 
and the carbohydrate fraction in concentrations 1:25,000, T. 100,000, 
and 1:500,000. Reactions with the former were uniformly negative 
and vdth the latter rarely positive. Their use was discontinued. 
The protein fractions of Streptococcus 273 pre\dously used in skin 
testing (6)^ and protein fractions recently prepared by Dr. Michael 
Heidclberger (7) have been employed throughout the study. The D 
fractions were obtained after acidification of the cells at pH 6.5. The 
K fractions and 273 were obtained at pH 11 to 13 after removal of the 
fractions between pH 6.5 and pH 11. In general the dilution used 
was milligrams of protein 1 : 2,000. 

The technique of precipitin tests was as follows: To 0.2 cc. each of fresh human 
sera, was added an equal quantity of nuclcoprotein fraction. (It is essential to 
have both clear sera and protein solutions.) After mixture each tube was im- 
mediately and thoroughly shaken. Readings were taken at various intervals, the 
first after 20 minutes at room temperature, the second after 2 hours in 37.5°C. 
water and the third after overnight refrigeration. 

The development of precipitins was first studied among a class of 50 
student nurses. The antigen used was hemolytic streptococcus Frac- 


* Cobum (6), p. 226. 
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tion C15D, dilution 1:2,000. In September, 1930, all of the indi- 
viduals were tested for the presence of predpitins in their blood and 
none were found. During the spring months the sera of the same indi- 
viduals were again tested, and the results are summarized in Table II. 


TABLE n 

A Study of Precipitin Reactions to Hemolytic Streptococcus Fractions among a Class 

of 50 Nurses 


Patient 

Condition 

Fall, 1930 

Spring, 1931 

Group A 

B 

Normal health 




^ 

u u 

— — ~ 


M 

« 

— 

— — — 

Group B 

« it 

Konnal health 

— 


® 1 

{ 

Bb 

Bit 

Group C 

•HemoI>*tic Slreptococcus pharyntitis 

Normal health 



Hetnobtic Sirepiceoccus ptutrynpUis 

H ft U 

it u 

Normal health 


— -f “r 

\ 

C / 

Scarlet fever 

Normal health 



\ 

M 

Group D 

f 

Scarlet fe^'e^ 

" " 

Normal health 


~ * sis 

" 1 

[ 

Acute hemolytic streptococcus infection fol- 
lowed by rheumatic fever 

Normal health 



Me f 

1 

t Acute hemolytic streptococcus infection fol- 
lowed by rheumatic fever 

Normal health 



Sm ■( 

Acute hemolytic streptococcus infection fol- 
lowed by rheumatic fe\xr 




These readings are expressed: one, immediately, second, at 2 hours at 37'C. and the 
last, overnight in icebox. They represent uncentrifuged findings. H — hd — h = com- 
plete disc at bottom of tube with clear supernatant. -J — i — }- = flocculated sediment. 
d"+ = no sediment; granules or flocculcs in suspension, -f- = clouding vdlh nhirl. 
~ = clouding v-ith no ■whirl. 

Intermediate readings were also made, such as, -i — r+d; = incomplete di.'c. -i--T-=a 
^ flocculated sediment with some large flocculcs still in suspension. -*-= — few granules 
or flocculcs in suspension with slight clouding of supernatant. 

* At onset. Erj'thcma marginatum — no arthritis. 
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From Table II, it is seen that Group A escaped infection and their 
sera remained negative for precipitins; Group B developed hemolytic 
streptococcus pharyngitis and precipitins appeared in some instances 
during convalescence; Group C contracted scarlet fever and precipi- 
tins were not detected during the acute stage of the illness; Group D 
contracted hemolytic streptococcus pharyngitis and developed rheu- 
matic fever. The appearance of precipitins to hemolytic strepto- 
coccus protein fractions in their sera was striking. 

A second study was made to determine the relationship of the de- 
velopment of precipitins for hemolytic streptococcus fractions to ac- 
tivity of the process in rheumatic subjects. At the end of the siun- 
mer, the rheumatic process appeared quiescent in nearly every 
individual. During the early fall, two of the group contracted pharyn- 
gitis and developed severe rhevunatic attacks. In the late winter 
months, most of the patients were probably exposed to infection. 
Some escaped symptoms of upper respiratory disease and the rheumatic 
process appeared quiescent. Others contracted throat infections. 
Most of these developed severe rheumatic attacks; a few appeared to 
escape. With the exception of these few individuals, the results of 
the precipitin tests are presented in Table III. 

From Table III it is seen that in the sera of quiescent rheumatic 
subjects precipitins were not detected in the fall. Sera from the same 
individuals, clinically quiescent in the spring, gave in most instances 
negative or weakly positive reactions. In contrast, the sera of rheu- 
matic patients acutely ill in the fall or in the spring months in almost 
each instance gave a strong precipitin reaction to protein fractions of 
hemolytic streptococcus. This occurred only in the individuals who 
developed acute rheumatism. It was pointed out in the first paper of 
this series that in certain instances following hemolytic streptococcus 
infection the rheumatic subject escapes a definite attack. The sera of 
these patients have been studied at frequent intervals during the 4 
weeks following infection. In none were precipitins detectable. 

In order to correlate the clinical signs of activity of the disease proc- 
ess with the content of precipitins to fractions of hemolytic streptococ- 
cus in the sera of rheumatic subjects, a few individuals have been 
studied closely. Patient Ker. during a severe rheumatic attack in 
December, 1930, had strong precipitins in her sermn. These dis- 
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TABLE IV, a 

Cha7iges hi the Precipitin Reaction with Fluctuations in Activity of the Rheumatic 

Process 


Patient 

Protein fraction, dilution 1:2,000 


C7L 

C8D 

273 

CISD 

Ker, 

+ + A 

++ + +-{■ 

- + -H-f 




F^‘h 10.11 















(+) 



- - -(-)* 

++ + - 

(-) 

+ + +++ 

Kot, 

-h-l- + - 

Knv .^0 1010 

~ d: db 





, ~ 




- - + 

- - -(-) 

+ 

— -h -h* 
(-) 

During quiescence, Feb., 1932 



* In addition to the customary readings made immediately, after 2 hours’ incubation 
and after standing overnight in the ice box, a fourth determination has been recorded 
when indicated. This is expressed in parentheses and represents the findings after 10 min- 
utes’ centrifugalization at moderate speed. 

TABLE IV, b 

Changes in the Precipitin Reaction in Relation to the Clinical Course of the Rheumatic 

Attach 


Patient 

Dec. 3 

Dec. 24 

Dec. 28 

Jan. 4 

Jan. 11 

Jan. 

19 

Feb. 

9 

Ma:. 








Condition 

Sick 

Sick 

Very sick 

Sick 

Recovering 


Reactions to 1 :2,000 dilution of Frac- 








tion C17D 

+ 

+ 

-f sfc 

+ + 

-h 

sis 

sit 

Fraction Cl7K 

-f 

+ 

+ =*= i 

+ + 

4- 

sts 

sis 


Jan. 3 

Jan. 6 

Jan. 10 

Jan. IS 

Jan. 27 











Condition 

Sick 

Sick 

Verj' sick 

Mori- 








bund 



Reactions to 1 ; 2. 000 dilution of Frac- 


1 

I 






tion C17D 

*(+)• 

-(+) 

+(++) 


4-efc: 



Fraction Cl7E 

-K+-1-) 

; +(+) 

+(-b++) 

-f- 

-f efa 




* Parentheses indicate readings after centrifugation, single determinations represent 
IS hour unccnlrifuged readings. 
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precipitins during acute rheumatism, absence during recovery and re- 
appearance during recrudescence, tbesera of other individuals were ex- 
amined at frequent intervals during a single, severe attack of rheumatic 
fever. The findings in two of these are presented in Table TV, b. 
Patient Maz. experienced a fulminating rheumatic attack and re- 
covered; Patient Man. died 3 weeks after the onset of intense rheuma- 
tism. 

TABLE V 


A Study of the Precipitin Reaction to Streptococcus Protein Fractions 


Patient 

273 

CI5D 

Scarlet fever 

Mc.» 

mBm 

+ + + 

Br 

R 

H 

I 

R 


Lobar pneumonia (pneumococcus) 

W.-Fn. IV 1 

- + + 

^ — d: 

1 ++ 1 

1 1 I 1 1 

1 1 1 1 1 

B.-Pn. in 

Bo.-Pn. n 

Gi.-Pn. IV 

Sh.-Pn. IV 


Er^’sipeUs and mastoiditis 


- - * 

— ds 



* Me. developed rheumatic heart disease. 


From Table W, b, it is seen that with recoverj’’, the precipitin con- 
tent diminished in the serum of Patient Maz. In contrast, the con- 
tent of precipitins to hemolytic streptococcus protein fraction in- 
creased in the serum of Patient Man. to the day of death. These 
were both examples of intense rheumatism. In the less severe at- 
tacks, the precipitin content of the sera has been found to change more 
rapidl}', remaining at a high level for only a few days. There is a 
close parallelism between intensity of the rheumatic process and the 
strengtlr of tlie precipitin reactions. 

For purposes of comparison, a study was made of the content of 
precipitins in the sera of patients with a variety of rcspiratoiy infee- 
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tions. Determinations were made during the course of lobar pneu- 
monia, during the 3rd week of scarlet fever and during recovery from 
erysipelas. The findings are presented in Table V. 

From Table V it is seen that weak precipitin reactions occurred in 
the sera of patients mth respiratory infections. The only strong per- 


TABLE VI, a 

Precipitin Reactions to Hemolytic Streptococcus Fractions in Quiescent RJicmnatic 
Subjects Inoculated with T.A.B. Vaccine 


Patient 

Fraction 273 

Fraction 17D 

Fraction 17K 

Control 

Before vaccination with B. typhosus and paratyphosus A and B 

By 

Mo 

(-) 

(-) 

{-) 

(-) 

(-) 

(-) 

1 1 1 1 1 1 

f 1 1 1 1 1 

1 1 1 1 1 1 

TTTTT+ 

+ 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

TTTTT+ 

(-) 

(-) 

(-) 

(-) 

{-) 

(-) 

1 and 3 whs. after vaccination 

By 

M 

Mo 

(-) 

(-) 

(-) 

(-) 

(_) 

(-) 

(-) 

1 1 1 1 1 1 1 

1 1 1 t 1 1 1 

1 1 I 1 1 1 1 

TTTTT++ 

jt jt 

1 1 1 1 1 1 1 

1 1 1 1 1 1 1 

i 1 + 1 1 1 If 

TTTTT ? + 

(-> 

(-) 

(-) 

(-) 

(-) 

(-) 


TABLE VI, b 

Precipitin Reactions in a Rheumatic Subject with Pneumococcus Type II 

Pneumonia 


Patient Cr. 

Fraction 17D 

Fraction 17K j 

Control 

1, before Nov. 1, 1930 



(+) 

till 

1 1 1 1 

If + 1 1 



(±) 

(*) 





(*) 

(-> 

(-) 



sistent precipitin reaction among these patients was in an indi\ddual 
with scarlet fever which terminated in rheumatic heart disease. 

As a control measure, studies were made to determine the influence 
of a reaction to heterologous bacterial proteins on the formation of 
prccipitins to hemolytic streptococcus products. First, ten quiescent 






























ALVIN F. COBURN AND RUTH H. PAULI 


663 


rheumatic patients, who were under close observation at The Pelham 
Home, were given one subcutaneous dose of T.A.B. vaccine (B. ty- 
phosus 1 billion, Para A and Para B \ billion each) . This was followed 
by a sharp reaction in almost each instance. The sera were tested 
before inoculation, and at the end of 1 and 3 weeks. Second, a few 
rheumatic subjects contracted pneumococcus lobar pneumonia. Their 
sera were tested during the disease and in convalescence. The find- 
ings are presented in Tables VI, a, and VI, b. 

As shown in Tables VI, a, and V, b, the precipitin content of the 
sera was not influenced by a non-specific reaction. A few rhemnatic 
subjects with pneiunonia showed the presence of weak precipitins dur- 
ing pneumococcus infection and their disappearance in convalescence. 

Summary of Precipitin Tests 
The results may be smnmarized as follows; 

In the sera of 150 apparently healthy rheumatic subjects in the fall 
of 1930, only two individuals were found to have precipitins for hemo- 
lytic streptococcus protein fractions. In the sera of 50 health}’- stu- 
dent nurses entering training in the fall of 1930, no precipitins were 
detected. In the sera of patients with lobar pneumonia, the formation 
of precipitins to hemolytic streptococcus fractions was slight, definite 
but not persistent. In the sera of twenty patients during the acute 
stages and convalescence from scarlet fever or eiysipelas, marked 
precipitin formation was detected in one individual. She was the 
member of a rhemnatic family and developed rheumatic carditis. In 
the sera of twenty student nurses who contracted hemol}'tic strepto- 
coccus throat infections in the spring of 1931, precipitins were not 
detected during the acute iUness but appeared 4 weeks later in slight 
concentration in most indmduals. In four instances the appearance 
of precipitins was marked; three of these indi\’iduals developed rheu- 
matic fever. In the sera of ten rheumatic subjects given prophylactic 
vaccination with t}'phoid and parat}'phoid vaccine, there was no de- 
velopment of precipitins to the protein fractions of hemolytic strepto- 
coccus. One rheumatic subject who contracted Pneumococcus T}'pe 
II pneumonia developed precipitins to protein fractions of a strepto- 
coccus but they disappeared with complete resolution in the lung and 
did not reappear within 4 weeks. In the sera of ten patients with 
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acute rheumatism in the fall months of 1930 and 1931, precipitins 
were detected in each serum.-* In the sera of 50 patients with fulmi- 
nating rheumatism in the spring months of 1928-31, precipitins were 
detected in all except two instances. In the sera of six rheumatic 
subjects who appeared to escape attacks following hemolytic strepto- 
coccus infection, precipitins were not detected. In the sera of rheu- 
matic subjects without demonstrable precipitins in the fall of 1930, 
fourteen manifested rheumatic attacks in the spring and all developed 
precipitins. Of thirty whose disease appeared to remain quiescent 
in the spring, five developed precipitins. This was marked in only 
one instance. In the sera of ten individuals Avith acute rheumatism, 
the concentration of precipitins became more marked as the activity 
of the process heightened. With subsidence, precipitins disappeared. 
They returned during recrudescence. In one fatal, fulminating attack 
which perhaps represented the onset of the disease in a rheumatic 
baby, the precipitin titer rose during the fortnight’s illness and was 
marked on the day of death. 

D. The Dcrjclopmcnt of Antistreptolysin 

Through the kindness of Dr. E. W. Todd of The Belmont Labora- 
tories, Sutton, England, the development of another antibody has 
been studied in the patients described in the first paper of this series. 
While working \vith streptococcal hemolysin, Todd (9) obser\'ed that 
antihemolysin was not formed in animals immunized to Klebs- 
Loffler bacillus, pneumococcus, hemolytic staphylococcus, non-hemo- 
lytic streptococcus or other infectious agents, but only in animals 
immunized to Streptococcus hcmolyticus. In conjunction with Dr. 
Todd, the antihemolysin titers of the sera previously examined for 
precipitins have been determined. Some of these findings are being 
reported elsewhere (10) in units of antihemolysin. In the present 
paper, the antistreptolysin titers are recorded as the volume of the 
patient’s serum required to neutralize 2h minimal hemolytic doses of 
yeast extract streptolysin (m.h.d.). The titers are therefore e.xpressed 
as fractions of 1.0 cc., and n.d. is used to designate neutralizing 

These sera were tested with pneumococcus “C” substance. Positive reac- 
tions were obtained only during the febrile period. This phenomenon was iden- 
tical with that previously described by Tillett and Francis (8). 
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dose. The serum of Patient Ker. is used as a control throughout 
the present study. 

The sera of three groups of non-rheumatic subjects were tested first.® 
These consisted of normal individuals in good health; patients conva- 
lescing from hemolytic staphylococcus or tuberculous bone infections, 
and individuals recovering from hemolytic streptococcus infection. 
The findings are presented in Table VXE. 

TABLE \rn; 

A Study of the Antistreptolysin Coyiter.t of Sera from Rheumatic Subjects 


A. Kormal individuals 


n 


WBM 



CC. 

miHII 

Good health 


Wa.... 

Good health 

yj). =0.02 




Do 

a u 

“ =0.02 


ti It 

“ = 0.02 

Mo 

11 It 

" =0.02 

Ha 

It It 

" -0.1 

lo 

It It 

“ = 0.02 

To 

It It 

“ = 0.3 

m 

II It 

“ = 0.02 

Co 


“ = o.ot 





B. Patieots coavalesong from infections other than hemolytic streptococcus 




CC. 



CC. 

Gt 

Osteomyelitis 

K.D. = 0.03 

Ga 

Tuberculosis of hip 

K.D. = 0.02 

Sh 

It 

= 0.02 

Ba 

Poliomj'clitis 

" = 0.07 

Go 

Hemolj'tic staphylococcus 

" = 0.02 

Ta 

Psoas abscess 

“ = 0.02 


abKcss 


Kl 

Tuberculous spine 

0.02 

Bn..... 

It II 

“ = 0.02 

Pe 

II It 


Ca 

Tuberculosis of hip 

" = 0.02 




C. Patients con^'alesdng from hemolytic streptococcus infections 

1^1 


CC. 



CC. 


Scarlet fever,' Ist wt. 

= 0.01 

In 

Scarlet fever, 3rd wt. 

= 0.004 


“ " Ist “ 

“ =0.006 

IMc.... 

“ “ 4th “ 

“ =0.005 


" " 3rd “ 

“ ■= 0.006 

He 

“ '■ Bth “ 

" = 0.003 

Hi 

« “ 3rd “ 

“ = 0.006 

Tu 

Erysipelas, 3rd " 

“ = 0.0005 


• These sera were obtained through the kindness of the Willard Parker Hospital, 
t Me. developed rheumatic fever. 


Table \TI shows that the sera of indmduals and patients %vith tu- 
berculous or hemol3'tic staphjdococcus infection had a low content of 
antistreptoh'sin. In contrast, the serum of patients viith hcmolj'tic 
streptococcus infection was high in almost each instance. 

® .Ml of these antistreptoh'sin determinations ■were made by Dr. E. \V. Todd, 
Belmont Laboratories, Sutton, Surrey, England. Through his generosity they 
are presented here. 
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dose. The serum of Patient Ker. is used as a control throughout 
the present study. 

The sera of three groups of non-rheumatic subjects were tested first.® 
These consisted of normal individuals in good health; patients conva- 
lescing from hemolytic staphylococcus or tuberculous bone infections, 
and individuals recovering from hemolytic streptococcus infection. 
The findings are presented in Table VII. 

TABLE vn 

A Slicdy of the Antistreptolysin Content of Sera from 'KSieumatic Subjects 


A. Nonnal indinduals 



Good health 

CC, 

N.D. — 0.05 

Wa.... 

Good health 

CC. 

NJ). « 0.02 

Wo 



« «o.os 

Do 

u 

tt 

" =0.02 

Ba 


(C 

“ = 0.02 

Mo 

ft 

tt 

“ = 0.02 

Ha 

t{ 

tc 

" —0.1 

lo 

tl 

it 

“ = 0.02 

To 

u 

u 

“ ==0.3 

Wi 

•• 

tt 

“ =0.02 

Co 

u 


“ = o.ot 






B. Patients convalescing from inf«:tions other than hemolytic streptococcus 




cc. 



cc. 

Gr 

Osteomyelitb 

K.D. = 0.03 

Ga 

Tuberculosis of hip 

N.D. = 0.02 

Sh 

tt 

« = 0.02 

Ba 

Poliomyelitis 

“ =0.07 

Go 

Hcmoi>'tic staphylococcus 

“ =0.02 

Ta 

Psoas abscess 

“ = 0.02 


abscess 


K1 

Tuberculous spine 

= 0.02 

Bn 

II II 

“ = 0.02 

Pc 

11 11 

“ =0.009 

Ca 

Tuberculosis of hip 

“ = 0.02 





C. Patients comralescing from hcmolj'tlc strcptococctis infections 




CC. 



cc. 

Ca 

Scarlet fe\'er,* 1st wk. 

K.D. = 0.01 

In 

Scarlet fever, 3rd wk. 

K.D. = 0.004 

Ro. . 

“ " 1st “ 

“ =0.006 

IMc.... 

“ “ 4th “ 

“ = 0.005 


Br 

“ “ 3rd “ 

“ = 0.006 

Ht 

“ “ 6th “ 

“ = 0.003 

Hi 

" “ 3rd “ 

" = 0.006 

Tu 

Erysipelas, 3rd “ 

" = 0.0003 


* These sera were obtained through the kindness of the Willard Parker Hospital, 
t Me. developed rheumatic fever. 


Table VII shows that the sera of individuals and patients with tu- 
berculous or hemolytic staphylococcus infection had a low content of 
antistreptolysin. In contrast, the serum of patients with hemolytic 
streptococcus infection was high in almost each instance. 

® All of these antistrcptols-sin detemunations were made by Dr. E. W T dd 
Belmont Laboratories, Sutton, Surre.v, England. Through his generosit’i- ’ 
are presented here. “ ^ 
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A second series of observations was made on a group of normal stu- 
dent nurses to observe the effect of streptococcus infections on the 
antistreptolysin titer. On admission to the Training Scliool in Sep- 
tember, 1930, while apparently free of hemolytic streptococcus and 
in good health, their sera showed a normal titer (except in two in- 
stances). During the month of April, 1931, sera were again obtained. 
The individuals were divided into three groups: those exposed to in- 
fection but in good health; those acutel}’^ ill with scarlet fever; those 


TABLE vni 

The InJIucncc of Hemolytic Streptococcus Infection on the Antistreptolysin Titer of 
Student Nurses under Close Observation Clinically and Bactcriologically 


Apr., 1931 

Group A. In good health but e.xposcd to infection 


cc. 

iJ.D. = 0.02 
“ = 0.03 
“ ■= 0,02 

« n 

« s 


Group B. At onset of scarlatina 


1 

1 cc. 

N.D. ■= 0.07 
“ = 0.02 

" C 


Group C. During convalescence from hemolytic streptococcus tonsillitis 


i 

N.D. <= 0.007 
“ = 0.003 
'■ = 0.005 
■= 0.007 

** B 

H 

“ s 



convalescing from hemolytic streptococcus pharyngitis. The results 
are siunmarized in Table VIII. 

Group A, the indhdduals who remained in good health, although 
exposed to infection, showed no change in titer; Group B, the indi- 
\dduals acutely ill \wth hemolytic streptococcus throat infections, 
showed no change in titer; Group C, the indi\dduals convalescing from 
hemolytic streptococcus throat infections, showed a marked rise in 
antistreptolysin content. These determinations indicate that there 
occurs normally a rise in antistreptolysin content of the serum during 
convalescence from hemolytic streptococcus infection. 
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For purposes of control, two studies were made to test the effect of 
non-specific stimulation with a heterologous antigen. First, the sera 
of ten children convalescing from rhetimatic fever were tested before 
and after T.A.B. subcutaneous inoculation. Second, the serum of a 
patient with rheumatic heart disease was tested before, during and 
after Pneumococcus Type II pneumonia. The results are presented 
in Tables IX, a, and IX, h. 


TABLE DC, a 


Antistreptolysin Titers of Convalescent R/teumaiic Patients before and 1 and 3 Weeks 

after Typhoid Vaccination 


Patient 


Br... 

By... 

Cu... 

Ga... 

Ha.r 



Be- 

fore 



Patient 


Be- 

fore 

1 wk. 
after 

3 wks. 
after 


cc. 

CC. 

cc. 



CC, 

cc. 

cc. 

K.D. « 

0.009 

0.009 

0.02 

Kr. 

K.D. = 

■anil; 




■ilral 

0.02 


Me 

« 8 

0.009 

hbm 


(( ^ 

0.02 

0.02 


Mo 

» 8 

0.004 

0.02 


(f ^ 

0.02 

0.02 


Po 

ii „ 

0.02 

0.02 

0.02 


0.01 

0.01 


Ra 

ti 



0.01 


*Ha. contracted hemolytic streptococcus pharyngitis 8 tveeks later and in the 2nd 
week the n.d. rose to 0.008 cc. 


TABLE DC, b 

Antistreptolysin Tilers in a Rheumatic Subject with Pneumococcus Type II 

Pneumonia 


Patient Ch. 

1 

Before pneumonia 

cc. 

KJ). 0.004 


Onset of " 

** = 0.006 


During “ 

" « 0.007 


Con\'aIcscing from pneumonia 

" == 0 OOS 


Table IX, a, shows that inoculation with T.A.B. vaccine did not 
increase the titer of antistreptoly^sin. The fall in titer of Patients 
hlo., Br. and Ra, is une.vplained. Table IX, b, shows that during 
Pneumococcus Tjpte II infection the antistreptolysin titer of a rheu- 
matic subject did not rise but tended to fall to normal. 

Because of the constant development of a high titer of antistreptoly- 
sin in indmduals convalescing from infection with hemolytic strepto- 
coccus, a study was made of the content of this antibody in the sera of 
patients who, while under ob5er\'ation, contracted hemolytic slrepto- 
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COCCUS infection and developed rheumatic fever. The individuals 
under investigation included children and adults. The sera were ob- 
tained during the 1st week of typical attacks of acute rheumatism. 
The findings are presented in Table X. 

TABLE X 

A Study of the Antistreptolysin Content of Sera from Patients Derccloping Acute 
Rheumatism while Convalescing from Respiratory Infection with Hemolytic 

Streptococcus 


Patient 



Patient 



M 

Acute rheumatic fever 

tl tl H 

tt U 4t 

it 41 tt 

« it U 

cc. 

N.D. = 0.007 
" = 0.003 
" =0.007 
“ = 0.007 
“ = 0.004 

Ro 

Acute rheumatic fever 

a it it 

tt tt it 

tt u a 

it it it 

cc. 

N.D. = 0.003 
“ = 0.003 
“ = 0.002 
" = 0.002 
“ = 0.004 

s 

Ri 

St 

N 

c 

0 

\V 

Sh 




Table X shows the constantly high titer of antistreptolysin in the 
sera of patients with acute rheumatism following hemolytic streptococ- 
cus pharyngitis. 


TABLE XI 


Antistreptolysin Titer of Patients Admitted to the Presbyterian Hospital Wards with 
Acute Rheumatic Fever from Spring, 1928, to Fall, 1931, and without Hemolytic 
Streptococcus in the Throat Flora 


Patient 





Patient 





K 


CC, 

P 


cc. 

M 

It 

It 

II 

*' = 0 004 

Co 

11 

II 

II 

" « 0.006 

E 

II 

Ii 

II 

** « 0.004 


II 

II 

Cl 

“ = o.oos 

E 

II 

11 

II 

" « 0.003 

B 

II 

II 

II 

" - o.oos 

s 

ii 

II 

II 

'* « 0 003 

Cr 

II 

It 

II 

" - 0.006 

s 

II 

II 

II 

" « 0 002 

D 

II 

II 

II 

*• = 0.006 

L 

II 

II 

II 

« 0.009 

L 

II 

II 

II 

" != 0.004 

c 

II 

II 

II 

" « 0 002 

R 

II 

II 

II 

= 0.005 

M 

11 

II 

II 

" = 0 003 

M 

II 

II 

II 

“ = 0.004 

Ch 

II 

II 

II 

" = 0 004 

Sh 

II 

II 

11 

" =0.006 

Ch 

II 

II 

II 

" = 0.003 

G 

11 

II 

II 

" = O.OOS 

r 

II 

II 

II 

“ = 0.003 






Another series of obser\'ations were made on patients admitted to 
the Presbyterian Hospital with acute rheumatic fever and without 
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hemolytic streptococcus in the throat flora. The group included chil- 
dren and adults, in various seasons, between 1928 and 1931. The 
findings are presented in Table XI. 

The determinations show that the sera of patients admitted to the 
hospital with acute rheumatic fever following respiratory infection had, 
irrespective of the bacteriology of the throat flora, a high titer of anti- 
streptolysin. 

A third series of determinations were made on the sera of patients 
with acute rheumatism who denied a preceding respiratory infection. 
The findings are presented in Table XII. 

From Table XII it is seen that the sera of these individuals, like 
those of the patients known to have a respiratory infection prelimi- 


TABLE xn 

Aiilislreplolysvi Titer of Patients with Acute Rheumatic Fever Who Denied 
Preceding Respiratory Infection 


PztiCDt 



Patient 



F. 

Acute rheumatic fever 

ft u u 

<1 « « 

«( (1 <( 

u. 

N.D. = 0.003 
“ = 0.002 
" = 0.008 
“ = 0.002 


Acute rheumatic fever 

u u n 

(1 «( « 

CC. 

N'J). = 0.002 
“ = 0,002 
- 0.002 

K. 

n 

H 

niMMi 





nary to the rheumatic attack, contained a high titer of antistreptoly- 
sin. This was approximately the same as appears in convalescence 
from hemolytic streptococcus infection. 

For purpose of comparison, a study was made of the antistreptoly- 
sin content of the sera of rheumatic subjects whose disease process ap- 
peared to be quiescent. The findings are presented in Table XIII. 

Table XIII shows that in the majority of sera studied, the anti- 
streptolysin content was normal. In a minority, the titer was ele- 
vated, but not to the same degree as obseiv'ed in most patients with 
acute rheumatism. 

During the acute rheumatic attack, the antistreptol 3 'sin titer was 
found to be high, and during inactmU' of the disease process it ap- 
peared normal in most instances. To trace the changes in the anti- 
streptolysin titer of rheumatic subjects, sera were e.xamincd at inter- 
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TABLE Xin 


Anlistrcptolysiii Titer of Apparently Quiescent Rheinnatic Subjects frofn Spring, 

1928, to Fall, 1931 


Patient 






Patient 





Mul.... 

Jan. 14, 1932 

Clinically 

K.D. 

CC. 

= 0.02 

Tre.... 

Jan. 7, 1931 

Clinically 

CC. 

N.D. =0.03 

Gill. . . . 

“ 14, 1932 

mac 

live 

(( 

tt 

tt 

■ 

\Va 

Dec. 18, 1930 

inac 

live 

(( 

tt 

" =0.02 

J.Jo.... 

" 14, 1932 

tt 

tt 

tt 


Mo 

Feb. 4, 1932 

« 

tt 

“ = 0.02 

J.Jo.... 

Oct. 8, 1930 

it 

tt 

ft 

= 0.01 

Zi 

Nov. 1, 1930 

tt 

tt 

“ = 0.05 

Co 

June 10, 1931 

« 

tt 

tt 


Ro 

Jan. 23, 1932 

tt 

ft 

“ = 0.03 

Cou 

Jan. 14, 1931 


tt 

tt 


Mah.... 

“ 2, 1932 

tt 

tt 

“ = 0.02 

Ho 

Dec. 11, 1931 

(1 

tt 

tt 

= 0,02 


“ 7, 1931 

tt 

tt 

“ = 0.03 

Rom.... 

Jan. 7, 1932 

a 

tt 

tt 

= 0.02 

La 

Oct. 4, 1930 

tt 

tt 

“ = 0.006 

FI 

“ 9, 1932 

Oct. 1, 1930 

(t 

tt 

tt 


Mat.... 

“ 4, 1930 

tt 

tt 

" = 0.009 

Wy 

« 

tt 

tt 


Bus 

“ 4, 1930 

tt 

tt 

" =0.02 

Sc 

June 10, 1931 

tt 

tt 

tt 


Ccr. . . . 

Jan. 7, 1931 

tt 

u 

“ =0.02 

Ba 

Oct. 1, 1930 

tt 

tt 

tt 


Tri 

Dec. 17, 1930 

tt 

tt 

“ = 0.04 

D. Do.. 

Jan. 16, 1932 

tt 

tt 

tt 


Len 

Jan. 28, 1932 

tt 

tt 

“ = 0.03 

Tr 

Nov. 1, 1930 

tt 

tt 

tt 



“ 28, 1932 

tt 

u 

“ = 0,03 

R. Ha. . 

Jan. 7, 1931 

tt 

tt 

tt 


Hu 

" 29, 1932 

tt 

tt 

“ = 0.009 

Tol 

Dec. 13, 1930 

tt 

« 

tt 


Fc 

“ 28, 1932 

tt 

tt 

" = 0.02 


vals during health and disease. The findings are presented in Table 
XW. 


TABLE Xn’’ 

iniislrcplolysin Titer of Rheumatic Subjects before, d}iring and after Attacks of the , 

Disease 


Patient 

■ 







(C. 

cc. 

cc. 

cc. 


N.D. = 


0 005 

0.03 

0 003 



0.02 

0 006 


0.00.8 


tt 

0.03 

0,006 

0 02 





0.003 

0.005 

0.004 




0 004 

0 02 





0.008 

0.02 

0 004 


Patient 


Good 

health 

Acute 

attach 

Re- 

covery 

Recru- 

des- 

cence 




CC. 

CC. 

cc. 

CC. 

Gi 

N.D. 

= 


0.002 

0 02 


F 

« 



0.02 

0.02 


Ker 

** 

= 


0.002 

0.002 

O.ODOS 

H 

<4 


0.02 

0.005 



W 

«« 

es 

0.03 

0.004 




Fable XIV shows that in most patients the titer of antistreptolysin 
ame high during the attack of acute rheumatism, returned to a 
mal level in quiescence and rose again during recrudescence, 
ient S. had chronic suppurative otitis during the period of apparent 
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recovery; his titer changed only slightly. Patient Ker. had three severe 
rheumatic attacks uithin 8 months, and during the 3rd the titer was 
found to be extremely high. Patient F. with rheumatic heart disease 
developed pericarditis. Hemolytic streptococcus was not recovered 
from the throat; predpitins to the protein fraction of this organism 
were not detected in the serum. This was the only normal anti- 
streptolysin titer obtained in this series of patients with frank carditis. 


T.ABLE XV 


Antistreptolysin Titer during the Three Phases of the Rheumatic Attack 


Patient 

Date 

Clinical condition 

Titer 

R. 

Apr, 13 

Hemolytic strcptococcns phaoT^silis 



“ 18 

Quiescent interval 



May 5 

Carditis and nephritis 


A. 

Jan. 9 

Hemolytic streptococcus pharyngitis 

“ = 0.04 


Feb. 6 

End of quiescent interval 

” = 0.02 


“ 

Fever, arthritis, carditis 

“ ■= 0.005 

H. 

Dec. 10 

Kheumatisxn inactive 

1 ** « 0.02 


Mar. 12 

Hemolytic streptococcus pbarjTigilis 



" 17 

Quiescent interval 

« » 0.02 


“ 31 

Onset of attach 

" = o.oos 


Apr. 5 

Sc%'ere polyarthritis and carditis 

“ = 0.004 

W'. 

Oct. 1 

Rheumatism inactive 

“ = 0.02 


June 1 

M « 

“ «= 0.03 


Mar. 25 

Hemolytic streptococcus phar^mgitis 

0.01 


" 31 

Quiescent interval 

“ = 0.03 


Apr. 5 

«< « 

“ «0.03 


“ 8 

Fever, malaise, leucocytosis 

’* - O.OOS 


« 13 

Er^lbcma marginatum 

•=■ 0.004 


May 5 

Folyarthritis 

“ “ 0.004 


Another study was made to determine the e.xact time relationship 
betn-cen the rise in antistreptolysin and the appearance of rheumatic 
manifestations. The findings are presented in Table 
Table illustrates first, the findings in rheumatic patients with a 
high titer and second, the findings in patients with a normal titer of 
antistrepto] 5 'sin at the onset of heraol 5 *tic streptococcus infection. In 
the former, Patient R., there was little change in titer. The slight 
rise occurred on the day that carditis manifested itself (sudden de- 
velopment of prolonged conduction time P-R interval equal to 0.22 
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TABLE Xni 


Aniislreptolysin Titer of Apparently Quiescent Rheumatic Subjects from Spring, 

1928, to Fall, 1931 


Patient 





Patient 





Mul.. . . 

Jan. 14, 1932 

Clinically 

CC, 

N.D. = 0.02 

Tre.... 

Jan, 7, 1931 

Clinically 

CC* 

N.D. =0.03 

Gill. . . . 

“ 14, 1932 

inac 

live 

<( 

tt 

“ = 0.02 

Wa 

Dec. 18, 1930 

t( 

inac- 

tive 

f< 

“ = 0.02 

J.Jo.... 

" 14, 1932 

tt 

tt 

“ =0.007 

Mo 

Feb. 4, 1932 

tt 

tt 

“ = 0.02 

J.Jo.... 
Co 

Oct. S, 1930 

<t 

tt 

“ = 0.01 

Zi 

Nov. 1, 1930 
Jan. 23, 1932 
“ 2, 1932 

tt 

tt 

“ =0.05 
“ = 0.03 
'■ =0.02 

June 10, 1931 
Jan. 14, 1931 

it 

tt 

" = 0.01 

Ro 

tt 

tt 

Cou.. . . 

(t 

tt 

“ = 0 .03 

Mah.... 

tt 

tt 

Ho 

Dec. 11, 1931 

« 

it 

“ = 0.02 

Bar. . . . 

“ 7, 1931 

tt 

tt 

“ = 0.03 

Rom.... 

Jan. 7, 1932 

It 

It 

“ =0.02 

La 

Oct. 4, 1930 

tt 

tt 

“ =0.006 

FI 

" 9, 1932 

tt 

tt 

“ = 0.02 

Mak.... 

“ 4, 1930 

It 

tt 

“ = 0.009 

Wy 

Oct. 1, 1930 

11 

tt 

“ = 0.02 

Bus 

'• 4, 1930 

tt 

tt 

“ = 0.02 

Sc 

June 10, 1931 

4t 

tt 

“ = 0.02 

Ccr.... 

Jan. 7, 1931 

it 

tt 

“ = 0.02 

Ba 

Oct. 1, 1930 

U 

it 

“ =0.03 

Tri 

Dec. 17, 1930 

tt 

it 

“ = 0.04 

D. Do.. 

Jan. 16. 1932 

« 

tt 

“ = 0,02 

Len 

Jan. 28, 1932 

tt 

tt 

“ =0.03 

Tr 

Nov. 1, 1930 

tt 

tt 

“ =0.009 

Bca 

“ 28, 1932 

tt 

tt 

“ = 0.03 

R. Ha. . 

Jan. 7, 1931 

u 

tt 

“ =0.03 

Hu 

“ 29, 1932 

ii 

tt 

“ = 0.009 

Tol 

Dec. 13, 1930 

tt 

it 

“ = 0.003 

Fe 

“ 28, 1932 

(t 

tt 

•' = 0.02 


vals during health and disease. The findings are presented in Table 
XIV. 


TABLE XrV 


Antistreptolysin Titer of Rheumatic Subjects before, during and after Attacks of the , 

Disease 


Patient 


Good 

hcaUIi 

.'Veute 

attack 

Re- 

covery 

Recru- 

des- 

cence 

Patient 


Good 

hc.ilth 

Acute 

attack 

Rc- 

covcr>' 

Recru- 

des- 

cence 

R 

N.D. = 

CC. 

CC. 

0.005 

CC. 

0.03 


Gi 


CC* 


CC. 

0.02 

0,02 

0.002 

CC. 

G 

i< ^ 

lira 

0 006 


F. .. 




C 


m 




*1 — 


o.ooos 

S 

it ^ 


BViiiks 

0.004 

H 


0.02 

0.03 

P 

“ ta 

■ 


0 02 

\V. 

tt ^ 



0 

tt « 











■■ 








Table XR' shows that in most patients the titer of antistreptolysin 
became high during the attack of acute rheumatism, returned to a 
normal level in quiescence and rose again during recrudescence. 
Patient S. had chronic suppurative otitis during the period of apparent 
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TABLE XVI 


A Comparison of Precipilin Pormalion with the Derehpmenl of Antistreptolysin 


Patient 

Time 

Clinical condition 

Antistreptob-sin 

titer 

•Precipitin reac- 
tion fraction 




C17D 

CI7K 


A. Non-rheumatic subjects 



■■ 


cc. 



Ho. 


Hcmoij'tic streptococcus pharyngitis 

K4J. = 0.01 

— 

— 



** " pansinusitis 

" = o.ooos 

— 

— 



Subsiding sinusitis 

" = 0.001 

— 

— 


4tll “ 

Convalescence 

" = 0.003 

— 

— 


Sth " 

Recovery 

“ = 0.006 

— 

— 

O’H. 

2nd “ 

Hemolytic streptococcus pneumonia 

“ = 0.004 

— 

— 


3rd “ 

Convalescence 

=0.003 

— 

— 


4th 


“ =0.003 

— 

— 


6th “ 

Recovery 

“ =0.003 

— 

— 

B. Rheumatic subjects 




cc. 



hlaz. 

2nd wk. 

Acute rheumatic fever 

KJ). = 0.003 

-r 



3rd “ 

« <4 U 

“ =0.003 

-f 

a. 


4th “ 

« (1 «C 

“ = 0.003 


*7* ^ 


Sth “ 

(( 14 If 

“ = 0.003 

-r-r 

•f-f 


6th “ 

Subsiding “ 

“ = 0.003 

+ 

-f 


7th “ 

(( it U 

« = 0.004 




Sth “ 

14 U U 

“ = 0.004 

A 



9th “ 

U II <1 

“ = 0.004 

sb 

— 


12th “ 

fl U fl 

“ = 0.004 

- 

- 

Wil. 

l£t “ 

Acute 

“ =0.007 

... 

ti: 


2od “ 

U 14 <1 

“ =0.007 

dtz 

“T 


3rd “ 

« II If 

" = 0.006 

sb 

-f 


4th “ 

11 fl U 

” =0.007 

.f 

4- 


Sth " 

Subsiding “ ** 

" = 0.005 




f6th “ 

Hemolytic streptococcus pharyngitis 

" = 0.02 



Sth " 

Rheumatic recrudescence 

« = 0.007 



Jlan. 

1st " 

Acute rheumatic fever 

“ =0.002 

H 

-i. 


2nd " 

a u u 

“ =0.002 




3rd " 

Death 

“ =0.002 

Hi 

*4* * 


* Precipitin determinations represent overnight Hidings, uncentrifuged. 
t The sudden fall in the titer of antistrcptol>'sin has been observed in other patients at 
the onset of acute hemol>'tic streptococcus infection. 


sin liter remained normal during the infection and the quiescent in- 
terval, but rose at the onset of the rheumatic attack. It reached a 
plateau level during the 1st week of rheumatism and did not increase 
after this. On the other hand, predpitins which were not delected 
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seconds). In the latter, Patients A, and H., the titer rose sharply on 
the day of onset of the rheumatic attack. In Patient W., under close 
observation, the quiescent interval ended on April 6. On April 8, 
vague symptoms and fever with leucocytosis were noted. The titer 
rose from an n.d. of 0.03 cc. on April 5 to an n.d. of 0.008 cc. on April 
8. During the following days the titer of antistreptolysin reached a 
plateau level of an n.d. of 0.004 cc., and the patient developed skin 
and joint manifestations of active rheumatism.® 

Finally, a study was made to compare the relationship of the de- 
velopment of antistreptolysin with the appearance of the precipitins 
in the rhemnatic subject and in the non-rheumatic individual. For 
this purpose the sera of patients recovering from hemolytic streptococ- 
cus infection were tested at frequent intervals. The findings are pre- 
sented in Table XVI. 

From Table XVI it is seen that in the sera of two non-rheumatic 
subjects. Ho. and O’H., with hemolytic streptococcus infection, precipi- 
tins were not detected. Each of these individuals developed anti- 
streptolysin. This titer remained at a high level for a period of weeks. 
The findings in these two individuals are representative. In the ma- 
jority of non-rheumatic subjects recovering from hemolytic streptococ- 
cus infection, although precipitins were either weak or absent, anti- 
streptolysin appeared in titer which remained at a constantly high 
level until after recovery. This was shown in the small group of pa- 
tients convalescing from scarlet fever. Precipitin reactions were 
strong in only the one individual, who developed rheumatic fever; the 
antistreptolysin titer was high, however, in each instance. 

In contrast, in most patients with acute rheumatism, both of these 
antibodies were detected. In nearly every instance the antistreptoly- 

® Two exceptions have been noted. Patient Au., a rheumatic subject, con- 
tracted hemolytic streptococcus pharj-ngitis but failed to develop any clinical 
evidence of rheumatic fever. The titer of antistreptolysin remained N.D. =0.02 
cc. for 1 month. Patient Le, on the 7th day after hemolytic streptococcus 
phar\Tigitis developed acute rheumatism and infectious mononucleosis. The anti- 
streptolysin titer remained constant, n.d. = 0.02 cc. throughout the illness. Dr. 
John Paul of New Haven studied s.amplcs of this patient’s scrum and detected 
the development of an hetcrophile antibody. Agglutinins to sheep red blood 
cells appeared in titer 1:128 during the 2nd week of the illness. 
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ject during the first two phases, the period of infection and the quies- 
cent interval, and rises precipitously just before the appearance of 
rheumatic manifestations. Unlike the development of precipitins, 
the antistreptolysin titer reaches its high level during the 1st week of 
the rheumatic attack and maintains this constantly, irrespective of 
the patient’s condition. Finally, the presence of antistreptolysin in 
titer of such a degree that 0.005 cc. of the patient’s serum neutralizes 
1\ minimal hemolytic doses of yeast extract streptolysin, is considered 
a specific indication of infection with hemolytic streptococcus. The 
constant finding of this high titer of antistreptolysin in the serum of 
patients with acute rheumatic fever is strong evidence that the rheu- 
matic attack has been initiated by Streptococcus hemolyticus. There 
is a close relationship between the time of appearance of this anti- 
body in the circulation and the manifestations of activity of the rheu- 
matic process. 


SUMMARY 

In the first two papers findings were presented which point to a 
close relationship between the incidence of rheumatic fever and the 
distribution of Streptococcus hemolyticus. The fact was emphasized 
that in the rheumatic subject a recrudescence of the disease process 
is usually preceded by pharyngeal infection with hemolytic strepto- 
cocci. These organisms conspicuous in the throat flora during the 
period of infection preliminary to an attack of acute rheumatism fell 
into six antigenic groups and produced toxins which in 70 per cent 
were neutralized by a monovalent streptococcus antiserum. In the 
present study, four series of observations have been presented, demon- 
strating the development of immune bodies to hemol 5 i;ic streptococcus 
during the course of rheumatic fever. The agglutination and comple- 
ment fixation reactions of sera from patients with acute rheumatism 
suggest recent infection with streptococcus. Precipitin tests indicate 
that at the time of appearance of the rheumatic attack, indixnduals 
develop, in their blood, precipitins to the protein fractions of hemolytic 
streptococcus. That these precipitins may not be entirely specific 
is recognized from their cross-reactions with antigens of clicmically 
related organisms. The studies made in association with E. W. Todd 
of England have demonstrated that at the onset of an attack of acute 
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during the period of infection nor in the quiescent interval, appeared 
in weak concentration during the first few days of rheumatism. As 
the attack increased in severity, the precipitin reaction became more 
marked. With a certain degree of fluctuation, there was a parallelism 
between increasing intensity of the disease and the development of 
strong precipitins. Patient Maz. during the 3rd and 4th weeks ap- 
peared extremely ill, and precipitins were most marked in this period, 
but the antistreptolysin titer did not rise. In the case of Patient 
Man. with fulminating rheumatism, the antistreptolysin titer remained 
at a constant level and the precipitins increased in strength until the 
day of death. In those individuals who recovered, demonstrable 
precipitins disappeared rapidly, but tlie titer of antistreptolysin per- 
sisted at a high level for a long period of time. 

Summary of Antistreptolysin Determinaiions 

In the normal individual in good health, the titer of antistreptolysin 
is of such a degree that 0.01 cc. of serum neutralizes 2| minimal 
hemolytic doses of yeast extract streptolysin. The antistreptolysin 
titer of patients convalescing from diseases otlier than hemolytic 
streptococcus infection is approximately normal. The antistreptoly- 
sin titer of patients during the acute stage of illness with hemolytic 
streptococcus infection is also approximately normal. In patients 
convalescing from infection with hemolytic streptococcus, the n.d. 
is approximately 0.005 cc. in most instances. The antistreptolysin 
titer of rheumatic subjects with inactive disease is usually normal or 
slightly elevated. The antistreptolysin titer of inactive rheumatic 
subjects tested after non-specific stimulation with an heterologous an- 
tigen either remains normal or falls to normal. In each rheumatic 
subject during an attack, following hemolytic streptococcus pharyn- 
gitis, the N.D. is approximately 0.005 cc. Likewise in each patient 
vnth acute rheumatism from whose throat hemolytic streptococcus 
was not recovered at the onset of the attack, the n.d. is also approxi- 
mately 0.005 cc. Furthermore, in patients with acute rheumatism 
denying prcNuous respiratory infection, the n.d. is also appro.ximatcly 
0.005 cc. The antistreptolysin titer falls slowly to normal during re- 
covery and rises in each instance of recrudescence to an n.d. of 0.005 
cc. The antistreptolysin titer remains normal in the rheumatic sub- 
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ject during the first two phases, the period of infection and the quies- 
cent interval, and rises precipitously just before the appearance of 
rheumatic manifestations. Unlike the development of precipitins, 
the antistreptolysin titer reaches its high level during the 1st week of 
the rheumatic attack and maintains this constantly, irrespective of 
the patient’s condition. Finally, the presence of antistreptolysin in 
titer of such a degree that 0.005 cc. of the patient’s serum neutralizes 
2 J minimal hemol}i:ic doses of yeast extract streptolysin, is considered 
a specific indication of infection with hemolytic streptococcus. The 
constant finding of this high titer of antistreptolysin in the serum of 
patients with acute rheumatic fever is strong evidence that the rheu- 
matic attack has been initiated by Sireplococcits liemolyHcus. There 
is a close relationship between the time of appearance of this anti- 
body in the circulation and the manifestations of activity of the rheu- 
matic process. 


SUMMARY 

In the first two papers findings were presented which point to a 
close relationship between the incidence of rheumatic fever and the 
distribution of Streptococcus Jiemolyticus. The fact was emphasized 
that in the rheumatic subject a recrudescence of the disease process 
is usually preceded by pharyngeal infection with hemolj'tic strepto- 
cocci. These organisms conspicuous in the throat flora during the 
period of infection preliminary'' to an attack of acute rheumatism fell 
into six antigenic groups and produced toxins which in 70 per cent 
were neutralized by a monovalent streptococcus antiserum. In the 
present study, four series of observations have been presented, demon- 
strating the development of immune bodies to hemolj'tic streptococcus 
during the course of rheumatic fever. The agglutination and comple- 
ment fixation reactions of sera from patients •with acute rheumatism 
suggest recent infection with streptococcus. Precipitin tests indicate 
that at the time of appearance of the rheumatic attack, individuals 
develop, in their blood, precipitins to the protein fractions of hemolytic 
streptococcus. That these precipitins may not be entirely specific 
is recognized from their cross-reactions with antigens of chemically 
related organisms. The studies made in association with E. \V. Todd 
of England have demonstrated that at the onset of an attack of acute 
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TABLE I 

Reactivating Property of Blood Sera 


Material and dose of 1st 
intravenous injection per kilo 
of body weight 


20 units No. 1741* + 
0.9 cc. No. 251t + 
0.1 cc. No. 230t 
cc. 0.85% NaCl solu- 
tion 

cc. rabbit Serum I 

C( « « j 

“ mixture 1 cc. rab- 
bit Serum I -f 1 cc. 
horse scrum 
cc. rabbit Scrum I 

« tt « j 

<< « <t j 

II <« « j 


Material and dose of 2nd 
intravenous injection per kilo 
of body weight 


:. rabbit Serum I di- 
!tcd 1:10 

r.ibbit Serum I di- 
ted 1 ;50 

. rabbit Scrum I di- 
ted 1:100 

;. rabbit Serum I 
it No. 1746* 
rabbit Serum I 

Mltratc. 

Torse serum. 


1 cc. rabbit Serum I 
1 unit No. 1746* 



100 units No. 1741* -f 0.9 
cc. No. 251t -j- 0.1 cc. No. 
230t 

1 cc. rabbit Serum I 


1 cc. human serum 

2 “ mixture of 1 cc. No. 
251t + 1 cc. No. 230t 

100 units No. 1741* -f- 0.9cc. 

No.251t + 0.1cc.No.230t 
SO units No, 1741* + 0.9 cc. 

No.251t-h0.1cc.No.230t 
50 units No. 1741* 4- 0.9 cc. 

No.251t4-0.1cc.No. 230t 
25 units No. 1741* -f- 0.9 cc. 

No.251t-t-0.1cc.No.230t 
10 units No. 1741* 0.9cc. 

No.251t-h0.1cc. No.230t 
90 units No. 1741* 4- 0.9 cc. 
No.251t4-0.1cc. No.230t 


Total number of 
rabbits tested 

No. of negative 
rabbits 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0 

3 

1 

3 

1 

3 

2 

3 

3 

3 

1 

3 

2 

3 

3 

6 

4 

3 

3 

3 

3 


fo. of positive 
rabbits 
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100 meningococcus reacting units completely neutralized as above (page 679) 
were mixed with rabbit Serum I undiluted and diluted 1:10 and 1 :50, respectively. 
Each mixture was tested in a group of three rabbits. The rabbit serum undiluted 
and diluted 1:10 reactivated the neutralized mixture, inasmuch as all the rabbits 
tested showed reactions. The dilution 1 :50 had no effect, since no reactions were 
obtained in the group. 

Reactivating Property of Sera of Various Animal Species 

It was further of interest to determine the frequenc)’’ with which 
the reactivating property occurs in sera of various animal species. 
The sera were tested either by the in vitro or the in vivo methods 
described above. The results are summarized in Table II. 


TABLE n 


Testing of Various Sera for Reactivating Property 


Animal species 

Tests in vivo 

Tests in ritro 

Serum dilution 

iSHtlll 

HI 

No. of 
positive 
sera 

No. of 
negative 
sera 

1 Serum 
dilu- 
tion 

[ Total 

I No. of 
sera 
tested 

No. of 
positive 
sera 

No. of 
negative 
sera 

Man 

Undiluted 

2 

1 

1 

m 

45 

24 

21 

Horse 

« 

1 

1 

0 

m 

2 

1 

1 

Rabbit 


30 

21 

9 

1:10 

9 

7 

2 

Guinea pig 

U 

4 

3 

1 

l:5 

1 

1 

0 


As is seen from Table II, the reactivating property described was 
found in sera of man, horse, rabbit and guinea pig. About 72 per 
cent of rabbit and 53 per cent of human sera showed this property. 
The number of horse and guinea pig sera tested was too small to 
allow any statistical conclusions. 

Effect of Reactivating Sera upo7i Co7nplctcly Neutralized B. coli Reacting 

Factors 

The work reported thus far has dealt with the reactivation of neu- 
tralized reacting factors of the meningococcus. The experiments 
summarized in Table III were done in order to determine whether the 
property described was also eftectivc against neutralized reacting 
factors of other bacterial species. 

As seen from Table III, the reactivating property appears to be non- 
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The observations suggested studies on the relation of the reactivat- 
ing property to the complement, and also on their heat resistance. 

The Relation betwee?i Reaclimtmg Property and Complement 

Rabbit Sera 654, 634 and 749 and guinea pig Sera 1, 2, 3 and 4 were employed. 
All the sera were obtained within 20 hours prior to the tests and kept in the re- 
frigerator until used. 

The reactivating property was determined b}' in vitro addition (page 679) of 
undiluted sera to 100 neutralized meningococcus reacting units. All the sera 
tested were found to contain reactivating factors. 

The complement titrations of the same sera were done simultaneously with the 
above tests. Amounts of each serum tested were 0.01, 0.05, 0.01 and 0.2 cc. These 
amounts were each mixed with 2 units of sheep red blood cell amboceptor (i.e. 
0.1 cc. of 1:50 dilution) and 0.5 cc. of 5 per cent suspension of sheep red blood 
cells. The mixtures were incubated in a water bath at S7°C. for 30 minutes. All 
the guinea pig sera contained active complement, whilst the rabbit sera had no 
complement. 

The experiments demonstrated that there was no apparent rela- 
tionship between complement and the reactivating property of sera. 

Heat Resistance of Reactivating Factors 

The results of the experiments are summarized in Table IV. 

As seen from Table IV, the reactivating factors are heat-labile, the 
exposure to 56°C. for 5 minutes, 50°C. for 25 minutes and 37°C. for 
4 hours being sufficient to destroy them. 

Taking advantage of the above observations it was planned to 
determine whether immune sera contained native reactivating prop- 
erty, and if so, whether heating to a temperature destructive to the 
reactivating property but ineffective against neutralizing antibodies 
would raise the neutralizing potency of these sera. 

Increase in Neutralizing Titer after Destruction of Reactivating Property 

Various immune sera, unheated and heated in the water bath at 
37°C. for 4 hours were titrated for neutralizing antibodies in the usual 
manner (3). The antimeningococcus sera were tested with and 
without the auxiliary antibody. The results are recorded in Table V. 

As seen from Table V, heating of immune sera at 37°C. for 4 hours 
substantially raised their neutralizing titers. Thus, the heated anti- 
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tion was obtained with the same unheated sera mthout the aid of the 
auxiliary antibody and only 20 units were completely neutralized 
even vdth the aid of the auxiliary antibody. 

Incidentally, in the course of some work on antibody absorptions, 
Dr. H. Edein tested in this laboratory for control purposes the neutral- 
izing potency of immune antityphoid serum diluted 1 : 10 after it was 
incubated for several hours in a water bath at 37°C. There was ob- 
tained by him a striking increase in the neutralizing titer. 

As also seen from Table V, the immune sera contained native reacti- 
vating property. The heating at 37°C. which brought about the 
increase in the neutralizing potency was coincident with destruction 
of the reactivating property. 

It appears, therefore, that the native reactivating property of im- 
mune sera interferes with their neutralizing potency. 

DISCUSSION AND CONCLUSIONS 

In a series of publications (1, 3) observations have been reported 
concerning serum neutralization of reacting factors of the phenomenon 
of local skin reactivity to bacterial filtrates. When various amounts 
of a toxic filtrate are titrated against a constant amount of immune 
serum it is possible to determine the largest amount of filtrate which 
is completely neutralized {i.c. in all rabbits tested) by this amount of 
serum and, thus, to express quantitatively the neutralizing potency 
of the serum (CN titer). If the titration is continued beyond the 
CN titer {i.c. in greater quantity of toxin) there is usually observed a 
rather protracted zone of irregular neutralization (IN titer) in which 
the percentage of positive rabbits is considerably lower than in the 
control group. If still larger amounts of to.xic filtrate are titrated one 
arrives at a point when the addition of serum produces no effect. 
The CN titer of B. typhosus and B. coli toxins is well demarcated. 
There is consistently obtained complete neutralization of these filtrates 
in multiple proportions. The antimeningococcus sera behave differ- 
ently. The CN titer of these sera is either nil or very low, whilst the 
IN titer may be high. Moreover, there is no proportionate increase 
in the neutralizing potenc}' when multiples of the CN titer are used, 
lu vitro addition of the auxiliar}' antibody (certain heterologous im- 
mune sera) to the antimeningococcus sera corrects this irregularity, 
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inasmuch as the mixture acquires the power of complete neutralization 
of meningococcus reacting factors in multiple proportions. 

The effect of certain blood sera described in this paper consists in 
the restoration of toxicity of completely neutralized bacterial filtrates; 
i.e., an effect diametrically opposed to the auxiliaiy antibody. The 
sera do not increase the toxicity (i.e. reacting potency) of the filtrates 
themselves. For these reasons, the property or factors can be termed 
reactivating. 

The reactivating factors have no apparent relationship to the com- 
plement content. They are heat-labile, deteriorate on storage and 
can be accurately measured by the in vitro and in vivo methods de- 
scribed in the text. The native reactivating factors present in the 
immune sera can be destroyed at a temperature {i.e. at 37°C. for 4 
hours) which has no destructive effect upon the neutralizing antibodies. 
The destruction of the factors is, then, coincidental with a considerable 
increase of the neutralizing potency of immune sera. The therapeutic 
effect of sera treated in this manner remains to be determined. 

Moreover, the heated antimeningococcus immune sera are capable 
of complete neutralization of meningococcus reacting factors without 
the aid of the auxiliary antibod}'. This simplifies the determinations 
of the neutralizing potency and allows its expression in terms of the 
CN titer which is well demarcated. 

The immunological significance of the reactivating factors warrants 
consideration, inasmuch as they appear to be non-specific, wideh' 
distributed among various species of animals {i.e. man, horse, rabbit 
and guinea pig) and are capable of displa>dng the effect in vivo. It is 
conceivable that the}' may play an important antagonistic role if 
present in therapeutic immune sera; i.e., interfering both with the 
effect of passively acquired antibodies and also, possibly, restoring 
toxicity to to.xic substances neutralized by actively acquired antibodies. 

The possible reactivating effect of normal human blood sera {i.e. 
about 5o per cent of sera tested) shoxJd be guarded against in perform- 
ing blood transfusions in cases of infectious diseases. 

Studies on the interrelationships between the aiuxiliarj' antibody 
and the reactivating property and also on the effect of the latter upon 
various antibodies reported arc under progress. 
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SUMMARY 

In this paper there are reported observations on a certain new 
reactivating property of normal and immune blood sera of various 
animal species. The effect of the reactivating sera consists in restora- 
tion of the toxicity in vivo and in vitro of completely neutralized 
meningococcus and B. coli reacting factors. 

The property is apparently non-specific, heat-labile, lessens on 
storage, and has no relationship to complement. 

Heating of immune sera to a temperature destructive for the reacti- 
vating property but innocuous to the neutralizing antibodies, raises 
considerably their neutralizing potency. 

The possible immunological significance of the reactivating property 
is discussed in this paper. 
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spectively. These experiments are summarized in Table I. In this table and 
others of this paper, the expression positive rabbit means that there was obtained 
in the rabbit’s prepared skin site a severe hemorrhagic and necrotic lesion 4 to 5 
hours after the test intravenous injection. The lesions which were intense in 
the majority of rabbits were characteristic of the phenomenon of local skin 
reactivity to bacterial filtrates (4). By negative rabbit is meant absence of skin 
reaction following the test intravenous injection. 

As is seen from Table I, rabbits actively sensitized to animal pro- 
teins (i.e., blood sera and egg albumin) responded with formation of 
reacting factors in vivo upon intravenous reinjection of the same protein 
after an adequate incubation period.* 

The factors were apparently formed immediately after the test 
intravenous injection, inasmuch as the reactions in the prepared skin 
sites had developed to their fullest extent 4 to 5 hours later. 

The state of active sensitization could be demonstrated in the man- 
ner described 7 to 8 days after a single intravenous injection and it 
persisted for longer periods of time (i.e., 12 days). Shorter incubation 
periods were inadequate (i.e., 2 days). The state could be also at- 
tained with diluted sera. A single injection of 1 cc. horse serum diluted 
1:10 induced sensitization after 8 days. Higher dilutions of horse 
serum also elicited it but only upon repeated sensitizing injections 
and after longer incubation periods (i.e., dilution 1:100, 14 days"). 
The human serum appeared to be of high antigenicity for rabbits be- 
cause even 1 cc. of dilution 1 : 10,000 injected twice produced sensitiza- 
tion 8 days after the second sensitizing injection. The antigen for test 
injections could also be used in comparatively small amounts (i.e., 
1 cc. horse serum diluted 1:100). 

The experiments of Table I also demonstrated the specificity of the 
sensitization described. Rabbits sensitized to small amounts of 
horse serum, while showing reactions with the same serum, gave no 
reactions upon retests with human, guinea pig, rabbit, sheep and goat 
sera. Similarl}', rabbits sensitized to human serum showed reactions 

I The term sensitization employed in this paper is limited to the t>pe described. 
^ = The term incubation period in the text and tables refers to the inter^-al of 
time between the last sensitizing and the first test injection. \tTcn repeated 
sensitizing injections were made the true incubation period which was necessan- 
lemaincd unknown. ■ ’ 
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with human serum but failed to respond to horse serum; and those 
sensitized to egg albumin did not react with horse serum. However, 
the specificity displayed by serum proteins of various animal species 
did not hold when repeated sensitization with large doses was extended 
over prolonged periods of time. Thus, rabbits sensitized by four in- 
travenous injections of undiluted horse serum in doses of 1 to 4 cc., 
per kilo of body weight, reacted with sheep serum after an incubation 
period of 22 days, although failing to respond to guinea pig serum. 
Sera of these rabbits obtained before the test injections were titrated 
for precipitins against sheep and guinea pig sera. They gave precipi- 
tation with sheep serum diluted 1:20 and no precipitation with guinea 
pig serum. It was shown, therefore, that the cross-reactions with 
heterologous sera were coincidental with cross-precipitations. In a re- 
cent paper, Hektoen and Cole offered an explanation for cross-pre- 
cipitation obtained after employment of large doses of antigen (5), 

Formation of Reacting Factors in Passively Sensitized Rabbits 

The purpose of the work now to be taken up was to determine 
whether reacting factors would form in vivo in passively sensitized rab- 
bits. Rabbits were prepared by a single intradermal injection of B. 
typhosus (Tl) “agar washings” filtrate and 23| and 24 hours later 
injected intravenously, first, with the antigen, and secondly, with the 
antibody, respectively. In some experiments the order of intravenous 
injections was reversed; in others the interval of time was varied. 
Parallel experiments were done in which mixtures of the antigen with 
the antibody made in vitro were injected intravenously into prepared 
rabbits. The results are summarized in Table II. 

As seen from Table II, two separate intravenous injections of pre- 
cipitinogen-containing serum {i.e., normal human serum) and pre- 
cipitating antiserum {i.c., anti-human horse serum) elicited severe 
hemorrhagic necrosis in skin sites prepared with bacterial filtrates. 
No reactions were obtained when each of the sera was injected alone 
in the same dose; when either the anti-human horse serum or the 
normal human serum was reinjected twice, or when there were made 
two separate injections of normal horse and normal human sera. The 
experiments demonstrated, therefore, formation of reacting factors m 
vivo through the interaction of passively acquired antigen and antibody. 
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Positive rabbits were obtained when the interval of time between 
the injections of serum precipitinogen and precipitating antiserum was 
I hour, and also, in one experiment, when it was 23| hours, A 48 
hour interval gave negative results. 

In the majority of experiments of Table II antigen was injected first 
and the antibody second. No reactions were elicited when the order of 
intravenous injections was reversed. Precipitation titrations with the 
serum precipitinogen and precipitating antiserum showed that there 
were required larger amounts of antibody than antigen for the precipita- 
tion. Thus, human serum diluted 1 : 1,000 precipitated with undiluted 


TABLE m 

Precipitation Titer of Anti-Human Horse Sera 
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^ = serum induced formation of reacting factors in vivo. 
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anti-human horse serum, whilst the antibody diluted 1 : 40 ahead}’’ failed 
to precipitate with undiluted and diluted 1 : 10 human serum. Inas- 
much as unquestionably a part of the injected serum rapidly disappears 
from the blood stream, it is conceivable that in the latter experiment 
the reactions did not take place because an insufficient amount of 
antibody remained in the blood stream at the time of the subsequent 
injection of the antigen. 

As is also seen from Table II, there were tested various bleedings of 
Horse 7. Since every bleeding did not give positive results it seemed 
of interest to determine their precipitation titers (Table III). 

As is seen from a comparison of the respective results of Tables II and 
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ni, no relationship could be established between the precipitin 
contents and the ability of the sera to induce formation of reacting 
factors upon combination with the precipitinogen in vivo. 

The results of Table II demonstrate in addition that the interaction 
of inactive Pneumococcus Type III culture filtrates with Antipneumo- 
coccus Type III horse serum induced formation of reacting factors in 
vivo. This observation is corroborated by previously reported results 
on the reacting potency of mixtures of the same filtrates and sera made 
in vitro (6). 

There was obtained suggestive evidence that the factors could also 
be formed through the interaction of hemagglutinins with human red 
blood cells. The results are not sufficiently conclusive to warrant 
special consideration in this paper. Further work is in progress. 

No clear-cut results could be obtained as yet concerning formation 
of reacting factors in vivo through the interaction either of homologous 
(i.e. rabbit) antiserum with heterologous serum or heterologous anti- 
serum T\ith homologous {i.e. rabbit) serum. Further experiments are 
also under way. 

Effect of Reacting Factors Formed in Vivo upon Skin Sites Prepared by 
Non-Bacterial Substances 

In order to emphasize the essential role of bacterial filtrates in the 
phenomenon under discussion the experiments embodied in Table II'’ 
were done. 

As seen from Table TV, no reactions were obtained when rabbits 
were injected intradermally, either with the serum precipitinogen or 
the precipitating antiserum, and after various inter^^als of time rein- 
jected intravenously with the precipitating antiserum in the case of 
the former, and with the serum precipitinogen in the case of the lat- 
ter. Moreover, whilst mixtures of serum precipitinogen with precipi- 
tating antiserum injected intravenously elicited severe hemorrhagic 
necrosis in skin sites prepared vith a potent bacterial filtrate, they 
had no effect upon sites prepared cither with the precipitinogen or 
the prccipitins. Also, an intravenous injection of horse serum into 
rabbits actively sensitized to the serum produced no effect either 
upon areas in which there was induced inflammation with turpentine 
or in areas prepared with horse serum. As is seen from e.xperiments 
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TABLE IV 

Effect of Reacting Factors Formed in Vivo upon Sites Prepared with Non-Bactcrial 

Substances 
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* 0.25 cc. of undiluted material was used for each intradermal injection, 
t The numerator indicates the number of positive rabbits, the denominator the 
number of negative rabbits. The sum indicates the total number of rabbits 
tested. 

J Abscesses, no hemorrhagic necrosis. 

of Tables I and W, an intravenous injection of horse serum into sensi- 
tized rabbits invariably produced severe lesions at the sites prepared 
with a bacterial filtrate. 

Thus, the experiments clearly showed that the antigen-antibody 
interaction elicited in the manner described, while producing no effect 
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upon normal, sensitized and inflamed tissues, was responsible for 
severe injury to tissues prepared with bacterial filtrates. 

Effect of Iniradermal Reinjection of Antigen-Antibody Mixture upon 
Sites Prepared with Bacterial Filtrates 

There remained the question whether the antigen-antibody inter- 
action taking place outside the blood stream would also bring about a 
s imil ar injurious effect upon skin sites prepared with bacterial filtrates. 
The following experiments were done. 

Six rabbits each received a single intradermal injection of 0.25 cc. of undiluted 
B. typhosus (Tl) “agar washings” filtrate. 24 hours later the same areas were 
each reinjected with 0.5 cc. of a mixture consisting of one part of anti-human horse 
Senun 7 /527 and one part of human serum diluted 1:4. The same mixture was 
also injected intravenously into three rabbits prepared by a single intradermal 
injection of the above B. typhosus filtrate 24 hours before. The rabbits reinjected 
intradermally showed no hemorrhagic necrosis during the following 48 horns of 
observation. The rabbits reinjected intravenously had severe hemorrhagic and 
necrotic lesions at the prepared skin sites 4 to 5 hours later. 

These experiments demonstrate that the sine qua non of the phenom- 
enon is that the antigen-antibody mixture be brought into contact with 
the prepared skin areas via the blood stream. 

DISCUSSION AND CONCLUSIONS 

The data presented in this paper offer a new method for the demon- 
stration of antigen-antibody interaction. It is easily carried out, as 
follows; 

A rabbit sensitized to some animal protein receives an intradermal 
injection of 0.25 cc. of undiluted bacterial filtrate of ascertained skin- 
preparatorj' potenc}-. 24 hours after the skin preparation the rabbit 
is injected intravenously with the same animal protein. From 4 to 
5 hours later there appears severe hemorrhagic necrosis at the pre- 
pared skin site. 

Inasmuch as the neccssaiy state of sensitization can be obtained 
by a single intravenous injection of a protein and a 1 week incubation 
period is sufiicicnt, the method offers the advantages of speed and 
simplicity. The readings are reliable and clear-cut since the incidence 
of positive rabbits is high {i.c. with some proteins about 85 per cent 
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of animals tested after a single sensitizing injection) and the severe 
hemorrhagic necrosis makes the reaction unmistakable. The test is 
highly sensitive and strictly specific, unless there are made repeated 
sensitizing injections of large doses of the antigen. Anaphylactic 
shock in rabbits is difficult to elicit, and the test injections of the 
proteins do not have lethal effect upon these animals. 

It is also possible to elicit severe reaction in the prepared skin site of 
non-sensitized rabbits upon separate intravenous injections of antigen 
and antibody {i.e,, passive transfer). 

The test described is clearty differentiated from the Arthus phenome- 
non by the following important features. 

(1) A single sensitizing injection is sufficient. (2) The reaction 
can be obtained in rabbits which are not ready as yet for the Arthus 
phenomenon. (3) Skin preparation with a bacterial filtrate of ascer- 
tained skin-preparatory potency is essential. (4) The reaction is 
limited to the prepared skin site. (5) The antigen-antibody interac- 
tion has to take place in the blood stream. 

It has been pre\dously shown (1) that similar reactions can be 
obtained in prepared rabbits by an intravenous injection of antigen- 
antibody mixture made in vitro. Considerable evidence has been ac- 
cumulated to prove that the injury was not due to the meclianical 
effect of the precipitate in the blood stream but to a toxic principle 
formed through the antigen-antibody interaction. In this paper there 
is presented additional proof of the fact, inasmuch as the precipitation 
titer bears no relation to the resulting toxic effect of separately in- 
jected serum precipitinogens and precipitating antisera. 

The part of the phenomenon under consideration in this paper deals 
with toxic factors formed in vivo through antigen-antibody interaction. 
These factors are capable of inducing via the blood stream severe 
injur}" in tissues prepared by potent bacterial filtrates. As was 
pointed out in previous papers (7) and also shown again in this paper, 
the preparator}" injection of a bacterial filtrate brings about a transient 
state of vulnerability in the animal cell.^ Vulnerability may or 
may not be associated with active inflammation. A great number 
of observations have afforded unquestionable proof that the primary 

^ The generalization to the animal cell is justified because the state of vulnera- 
bility was demonstrated in animals of various species and in various organs and 
tissues (11). 
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injection may induce vulnerability in spite of complete absence of 
primary erythema and may fail to elicit it in the face of active inflam- 
mation produced either by certain inactive bacterial filtrates or by 
non-bacterial inflammatory substances (i.e. broth, turpentine, gum 
tragacanth, egg albumin, horse serum, blood plasma, India ink, agar, 
gelatine, sodium arsenate, heparin, histamine, spirits of nitroglycerine, 
eserine hydrochloride, trypan blue, adrenaline, pituitiin, silicic acid, 
charcoal, infusorial earth, paraffin oil and caseine). Recently Opie 
(8), Menkin (9) and Cannon and Pacheco (10) emphasized fixation 
of colloidal particles in the blood stream by inflamed tissues. If 
one should grant that some sort of undetectable inflammation is in- 
variably elicited by skin injection of a bacterial filtrate, then it is 
easily understood why the reacting factors formed or introduced into 
the blood stream localize in the prepared area. However, this alone 
does not explain why a severe reaction takes place only in areas pre- 
pared with bacterial filtrates of ascertained skin-preparatory potency 
and fails to occur in other inflamed areas. For these reasons, it 
must be concluded be^mnd any doubt that the bacterial filtrates de- 
scribed {i.e. those of high skin-preparatory potencj’’) possess in addition 
the ability of inducing a certain state of \Tilnerability. Thus, the 
vulnerable cell becomes a reagent for the detection of apparently 
widely separated groups of toxic principles, all with one characteristic 
feature in common; i.e., the production of injury' via the blood stream. 
These principles are as follows: 

1. N culraUzalle and Antigenic Exoloxic Snhstanccs . — In prerious 
communications it has been demonstrated that bacterial substances 
identical or closely related to true e.xotoxins are capable of eliciting 
severe injur>- in the \Tilnerable cell. The observations lead to the 
demonstration of a new catcgoiy of antigenic and neutralizable 
exotoxins with a distinct difference between them and true e.xoto.xins 
in the mechanism of the effect. The classical toxins are capable of 
primary local injurv', whilst those under discussion inflict injury via 
the blood stream on vulnerable tissues. It has been previously 
assumed (13) that these to.xins act as agents which produce a dis- 
turbance in the colloidal state of the blood. As a result, certain to.xic 
factors arc formed in znvo which attack the \'ulnerable cell 

2. Fonnalwn of Reading Factors Resulting from Intravenous Infec- 
tion of Agar.-li has been shonm by Sickles (12) and corroborated by 
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the present author (1) that agar, whilst possessing no skin-preparatory 
potency, when injected intravenously is capable of eliciting the 
reaction in areas prepared with potent bacterial filtrates. Inasmuch 
as the agar produces the reaction only via the blood stream, it may be 
concluded that it also acts as an agent producing a disturbance in the 
colloidal state of the blood, necessary for the formation of reacting 
factors injurious to the vulnerable cell. It has been demonstrated by 
Bordet (13) that addition of agar to blood serum induces formation of 
anaphylatoxins. It has been further observed by Novy and De Kruif 
(14) that agar also forms anaphylatoxins in vivo. Thus, correlative 
studies on anaphylatoxins and the phenomenon under discussion 
suggest themselves. 

3. Formation of Reacting Factors Resulting from in Vivo Interaction 
of Non-Bactcrial Antigens with Antibodies. — As, described in this paper, 
the antigen-antibody combination in vivo brings about formation of 
toxic factors which are detected by the vulnerable cell. It also re- 
mains to determine whether the toxic principles formed by the antigen- 
antibody combination of anaphylaxis and Arthus phenomenon are 
similar to the reacting factors of the phenomenon under discussion. 
It is conceivable that identical toxic factors may produce different 
effects in various tissues, the vulnerable cell of this phenomenon re- 
sponding with hemorrliagic necrosis. 

4. Formation of Reacting Factors Resulting from in Vivo Interaction 
of Bacterial Antigens with Antibodies. — It has been previously reported 
that mixtures of inactive pneumococcus filtrates with homologous 
antisera are capable of eliciting severe reactions in skin sites with 
induced vulnerability. In this paper it has been shown that separate 
(v hour apart) intravenous injections of the inactive filtrate and the 
serum lead to formation of reacting factors in vivo with the resulting 
severe injur}’’ to the vulnerable skin area. These observations are 
interesting from the point of view of immunopatholog}^ The state 
of vulnerability can be induced not only by bacterial filtrates but by 
active infections as well (15). For this reason it is admissible to 
assume that the reacting factors formed through the interaction of the 
antigen secreted by the diseased focus and the actively acquired anti- 
bodies may produce, via the blood stream, severe injur}' in vulnerable 
tissues and organs. This mechanism of production of injur}' offers 
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PROPERTIES OF THE CAUSATIVE AGENT OF A CHICKEN 

TUMOR 


VII. Sepaeation of tttf. Associated Inhibitor from; Tumor 

Extracts* 

By JAMES B. AHIRPHY, M.D., and ERNEST STURAI 
{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 30, 1932) 

The presence of an inhibitor or balancing factor associated with the 
causative agent in a chicken tumor was first indicated by the fact that 
the tumor-producing activity of the agent was greatly increased when 
a fraction of the tumor extract or filtrate was removed. This indica- 
tion was confirmed by the demonstration that certain relatively slow- 
growing chicken tumors yielded the inhibitor in sufficient concentra- 
tion to neutralize the tumor agent in the most active extracts (1). It 
has seemed desirable in the further study of the inhibitor fraction to 
secure it in greater concentration and freed so far as possible from the 
many other products contained in the crude tumor extract. The 
present paper is a report of the first step in this direction. 

The Release of Chicken Tumor I Inhibitor after Adsorption on 
AUminuin Hydroxide 

Prevdous experiments have shown that the most effective way of 
freeing a tumor extract of the inhibitor was to treat it wdth aluminum 
hydroxide (Willstatter Type C) (2), which under proper conditions 
appears to adsorb the inhibitor factor almost entirely but very little 
of the tumor-producing agent. The possibility of releasing the 
inhibitor from the aluminum hydroxide, thus freeing it from some of 
the impurities, was tested in the following experiments. 

ExpcTimaU . — The material utilized in the c.rijcrimcnts consisted of extracts 
of desiccated Chicken Tumor 1 kno'rni to weld sufndent inhibitor to neutralize 
active tumor filtrates, and to inhibit the growth of a mouse sarcoma (Crocker ISO) 

' This investigation was carried out by means of the Rutherford Donation. 
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(4) ; and extracts of tumor desiccates known to be without effect on the chicken 
tumor or the mouse sarcoma. These materials were prepared by thoroughly 
extracting 1 gm. of the dry tumor powder with 30 cc. of water. After centrifuging 


TABLE I 

Release of Chicken Tumor Inhibitor after Adsorption on Aluminum Hydroxide 


Materials inoculated 

No. of 
inocu- 
lations 

No. 

negative 

Average size 
of tumors 

j Negative 




cm. 

i>er cent 


Material from slow-growing tumors 


0 . 2 CC. active C. T. I filtrate plus \ 

0.2 cc. heated extract slow-growing tumor/ 

19 

18 

0.6 X 0.4 

94.4 

0.2 cc. active C. T. I filtrate plus J 

0.2 cc. heated aluminum supernatant fluid of slow-[ 

19 

1 

2.3 X 1.8 

5.3 

growing tumor extract J 





0.2 cc. active C. T. I filtrate plus 1 

0.2 cc. phosphate release from aluminum/ 

19 

18 

1.1 X 1.0 

94.4 

0.2 cc. active C. T. I filtrate plusl 

0.2 cc. water / 

36 

0 

2.3 X 1.9 

0 

0.2 cc. active C. T. I filtrate plus 1 

0.2 cc. m/ 15 basic sodium phosphate/ 

14 

0 

2.2 X 1.9 

0 

^Material from rapidly growing tumors 



0.2 cc. active C. T. I filtrate plus 1 

0 . 2 cc. heated extract rapidly growing tumor/ 

9 

i 

0 

1 

1,7 X 1.4 

0 

0.2 cc. active C. T. I filtrate plus 1 

0.2 cc. heated aluminum supernatant fluid of rap-[ 

9 

0 

2.1 X 1.6 

0 

idly growing tumor extract J 





0.2 cc. active C. T. I filtrate plus 1 


0 

1.9 X 1.6 

0 

0.2 cc. phosphate release from aluminum/ 

y 

0 . 2 cc. active C. T. I filtrate plus! 

0.2 cc. water / 

18 

0 

2.4x 1.8 

0 


out the larger particles the supernatant fluid was filtered through filter paper, 
adjusted to about pH 7.2 and 20 cc. of this was shaken ■with an equal volume of 
Willstiitter T\'pe C aluminum hydroxide. The aluminum was then separated out 
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by centrifugation and washed with 10 cc. of distilled water 2 to 3 times. The wash 
waters were then discarded and the aluminum deposit was shaken up with 10 cc. 
of si/15 basic sodium phosphate at pH 9, the released material having a final 
pH of 8. The aluminum was removed and discarded. The eluate was heated 
at 52° for 30 minutes to inactivate any tumor agent which might have come 
through. 

The tests consisted of the injection of mixtures in equal amoimts of the eluate 
and active tumor filtrate, controlled by the injection of the active filtrate diluted 
with the heated aluminum supernatant fluid, with water and with ii/15 basic 
sodium phosphate buffer. The inoculations were made with 0.4 cc. of the mixtures 
intradermally, so that each chicken received the test material and those of the 
controls as well. In the first group of experiments the extracts were prepared 
from tumor desiccates known to yield the inhibitor factor and in the second 
group from desiccates of rapidly growing ttnnors, known to yield no inhibiting 
substance. The results of 11 experiments with 152 inoculations are given in 
Table I. 

It is evident from Table I that the inhibiting factor may be adsorbed 
on aluminum hydroxide and released with basic sodium phosphate. 
While the experiments were not designed to test quantitative dif- 
ferences between the original extract and the released material, yet 
they indicate that there is certainly no very great loss in the inhibiting 
property after adsorption and release. The failure of the heated 
extracts from the rapidly growing tumor to influence materially the 
tumor production by active filtrates is in line with previous observa- 
tions and, as might be expected, there is no evidence of inhibiting 
action by the released material. That the phosphate in the released 
fluid is not responsible for the inhibiting action is shown not only by 
the controls, in which the phosphate was added to the active filtrate, 
but also by the tests with the released material from the rapidlj’’ grow- 
ing tumor extract. 

Release of Inhibilor from Chicken Tumor X after Adsorption on 
Aluminum Hydroxide 

Chicken Tumor X, a verj- slow-growing fibrosarcoma, has proved 
a source of an inhibitor for Chicken Tumor I and Mouse Tumor 
ISO (3, 4). The inhibitor, judged by pre\dous tests, is less potent 
than that from Chicken Tumor I, which might be due to the fact that 
the agent with which it is associated is less \dgorous. 
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Expcriineni. — The technical procedure used in these experiments was the same 
as that described above. The source of the fluids tested for inhibiting action was 
extracts of desiccates prepared from Chicken Tumor X, whidi had required 9 
months to a year to reach a large size. Beside the heated full extract, the super- 
natant fluid after the extract had been adsorbed out TOth aluminum hydroxide 
and the material released from the aluminum by treatment with basic sodium 
phosphate were tested against an active extract of Chicken Tumor I. In each 
instance the fluids to be tested were heated at 52° for 30 minutes. The controls 
included the active extract diluted with salt solution and with basic sodium phos- 

TABLE n 

Release of the Inhibitor from Chichcn Tumor X after Adsorption of Aluminum 

Hydroxide 

(Based on 8 experiments) 


Materials inoculated 

No. of 
inocu- 
lations 

No. 

negative 

Average size 
of tumors 

Negative 

0.2 cc. active C. T. I filtrate plus) 

0.2 cc. heated extract C. T. X / 

21 

18 

cm. 

0.9x0. 8 


0.2 cc. active C. T. 1 filtrate plus ) 

0.2 cc. heated aluminum supernatant fluid of[ 
C. T. X J 

13 

0 

1.9x 1.6 

0 

0.2 cc. active C. T. I filtrate plus ) 

0.2 cc. phosphate release from aluminum/ 

16 

14 

0.4x0. 4 

1 

1 

87.5 

0.2 cc. active C. T. I filtrate plus 1 

0.2 cc. m/ 15 basic sodium phosphate/ 

10 

0 

1.8.x 1.5 

0 

0.2 cc. active C. T. I filtrate plus) 

0,2 cc. salt solution / 

22 

0 

2.2 X 1.5 

0 


phatc. The results of the intradermal inoculations, in which each chicken received 
the control injections and the test inoculations as well, are given in Table II. 

The results show conclusively that Chicken Tumor X contains an 
inhibiting factor capable of neutralizing the agent of Chicken Tumor 
I, and that the inhibitor is adsorbed by aluminum hydroxide and can 
be released from this combination. There is no indication of loss in 
potency of the inhibitor by this manipulation, a finding similar to 
that noted in the first group of experiments. 
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DISCUSSION 

There is no doubt that it is possible to adsorb out practically all of 
the tumor agent from a filtrate with aluminum hydroxide when a 
large amoimt of the colloid is used (5). With the proportions used in 
these and the earlier experiments reported comparatively little of the 
agent is taken up, but the inhibiting factor seems to be entirely re- 
moved and to be recoverable from the aluminum. The amount of 
inhibitor lost by this treatment has not yet been accurately determined, 
but certainly effective quantities are present in the eluate. 

SUMMARY 

The inhibiting factor present in certain relatively slow-growing 
strains of Chicken Tumor I and in Chicken Tumor X is adsorbed 
from extracts of the desiccated tumors by aluminum hydroxide 
(WUlstatter Tjqie C) and can be released in effective quantities from 
this combination by treatment with basic sodium phosphate. 

BIBLIOGRAPHY 

1. Murphy, Jas. B., Helmer, 0. M., Claude, A., and Sturm, E., Science, 1931, 73, 

266. Murphy, Jas. B., Tr. Assn. Am. Physn., 1931, 46, 182. Murphy, Jas. 
B., and Sturm, E., J. Exp. Med., 1932, 66, 117; Science, 1931, 74, 180; 
1932, 76, 540; J. Exp. Med., 1932, 66, 107. Sittenficld, M. J., Johnson, A. 
S., and Jobling, J. W., Proc. Soc. Exp. Biol, and Med., 1931, 28, 517. 

2. Willstatter, R., and Kraut, H., Bcr. chem. Ccs., 1923, 66, 149, 1117. 

3. Murph}', Jas. B., and Sturm, E., Science, 1931, 74, 180. 

4. Murphy, Jas. B., and Sturm, E., J. Exp. Med., 1932, 66, 483. 

5. Murphy, Jas. B., Sturm, E., Claude, A., and Helmer, O. M., J. Exp. Med., 

1932, 66, 91. 




PROPERTIES OF THE CAUSATTOE AGENT OF A CHICKEN 

TUMOR 


VIH. The Ekfect of Testicle Exteact on the Rate of GRO^vTH 
OF Chicken Tumor I* 

Bx ERNEST STimi akd F. DURAN-REYNALS, M.D. 

{From the Laboratories of The Rochejeller Institute for Medical Research) 

(Received for publication, June 30, 1932) 

The observation that testicle extract markedly enhances the in- 
fectivity of certain viruses and bacteria, reported by one of us (Duran- 
Reynals (1)) has been confirmed and extended by a number of in- 
vestigators (2). It has been further shown that testicle extract exerts 
an inhibitory influence on the growth of a transplantable epithelioma 
of the rabbit (3) and to a less extent on a sarcoma of the mouse (4). 
It is of interest to know what effect testicle extracts wiU have on the 
chicken neoplasms, transmissible by cell-free extracts. 

Recently Hoffman, Parker and Walker (5) have published the 
results of a similar investigation in which they report e\ddence of the 
enhancement of the chicken tumor agent by rabbit testicle e.xtract, 
but none by that from rooster testicle. This evidence is based on 
two positive experiments, but the same testicle extract was used in 
both tests. They draw no conclusions as to the nature of the tumor 
agent from these results, but give the impression that further in- 
vestigation with the method might lead to some conclusions on the 
question. During the last 3 or 4 years a considerable amount of data 
had been accumulated in this laboratorj’’, but had not been published 
at the time the article referred to appeared. Since our results dif- 
fered from those reported by the above authors, we deferred pub- 
lication until additional tests could be made with certain minor modi- 
fications in technique suggested b}- their paper. 


This investigation was carried out by means of the Rutherford Donation. 
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Materials and Methods 

The testicle extracts were prepared by removing the glands of rat, rabbit or 
rooster, trimming them of all adhering tissue and removing the capsule. The 
tissue was then ground with sand in a mortar along with an equal volume of phys- 
iological salt or Ringer’s solution. After centrifuging down the heavier particles, 
the supernatant fluid was decanted, filtered through a Berkefeld V candle and 
used in the tests. 

The testicle extracts of rat, rabbit and rooster and the purified bull testicle 
extract were tested with (1) the active extract of desiccated Chicken Tumor I, 
(2) the concentrated Berkefeld filtrate of fresh Chicken Tumor I and (3) suspen- 
sions of the tumor cells. 

The Effect of Testicle Extract on the Activity of Extracts of Chicken 

Tumor I Desiccates 

These experiments, both in the method of preparation of the testicle 
extracts and the location of inoculations, followed closely the technique 
used in testing the action of the enhancement factor on viruses and 
bacteria which has been reported by one of us (Duran-Reynals). 

Expermenis . — ^The tumor extract was prepared by thoroughly extracting 1 gm. 
of finely powdered desiccate of Chicken Tumor I with 50 cc. of distilled water 
and adding enough N/10 NaOH to render the solution either neutral or slightly 
alkaline. A pH of 7.2 to 7.4 was usually maintained in all extractions. The 
emulsion suspension was thoroughly mixed by passing it in and out of a large 
hjq)odermic sjTinge fitted with a 12 gauge lumbar puncture needle for several 
minutes. After centrifugation the supernatant fluid was filtered through moist- 
ened, coarse filter paper and divided into 5 portions. To each of the first 4 por- 
tions was added an equivalent amount of testicle extract to be tested, whUe to the 
remaining 5th portion an equal volume of either salt or Ringer’s solution was 
added — the latter to serve for the activity control injections. In some of the tests 
the testicle extracts were diluted 10 times with Ringer’s solution, but this modifica- 
tion of the method had no effect on the results. In consequence all of the experi- 
ments arc grouped together. The solutions of the testicle and chicken tumor 
extracts were thoroughly mixed and allowed to stand at room temperature for the 
length of time necessary to complete the injection. This period usually varied 
from 20 to 40 minutes. 0.4 cc. of each of the respective mixtures, including the 
control, was injected intradermally into a normal chicken. By this means cacli 
chicken received the 4 test injections and the control for acti\’ity. It was noted 
that the bleb resulting from the intradermal injection of the solutions containing 
testicle e.xtract flattened in a verj- few minutes after injection, while those without 
testicle extract required considerably longer to spread into the surrounding tissues. 

Weekly measurements of the resulting tumors were made. The figures on the 
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size of the tumors recorded for each chicken were the last before the tumors broke 
through into the subcutaneous tissue or coalesced in the skin. This method in 
our opinion gives a fair picture of the results. As each bird carried aU of the test 
inoculations as well as the control injections, the variation in susceptibility of 
individual fowls and in the activity of the different tumor extracts is minimized. 
The chickens used in the tests were of the Plymouth Rock t 3 Tpe, adults of uncertain 
age, bought in the open market. Fresh extracts were used in each group. The 
outcome of 4 experiments, based on 72 inoculations, is given in Table I. 

There is no evidence of enhancement of the chicken tumor agent by 
the various testicle extracts with the methods used in these experi- 
ments. Nor do we find any inhibiting action, with the possible ex- 
ception of the tests with purified bull testicle; but the numbers here 
are too small to be significant. Furthermore, at no time during the 
course of the experiments was there any material evidence of enhance- 
ment or inhibition in the development of the tumors. 


TABLE I 

The Action of Testicle Extract on Chicken Tumor 1 Extracts 
(4 experiments) 


Chicken Tiunof I extract 

Xo. of inocula- 

tfODS 

No. of tumors 

Averase sire of 
tumors 

Rat testicle extract 

20 

20 

€rt. 

2. 5x2.0 

Rabbit testicle extract 

8 

8 

2.3x 1.8 

Rooster testicle extract 

16 

16 

2.5 X 2.0 

Purified bull testicle extract 

4 

4 

1.6x 1.1 

Salt solution (control) 

24 

24 

2.3x 1.9 


The Effect of Testicle Extract on the Tumor Production by a Concen- 
trated Bcrkcfcid Filtrate of Chicken Tumor I 

As a further test of the possible effect of testicle extract on the 
chicken tumor agent, filtrates of fresh tumor extracts were utilized 
in the next group of e.xperiments instead of the e.xtracts of tumor 
desiccate, which were the source of the agent in the preceding group. 

Experiments . — Bcrkcfcid filtrates were prepared b%- grinding 25 gm. of mashed 
chicken tumor tissue in a mortar along with a quantit\’ of sterile sand, diluting with 
500 cc. of distilled water and adding s/10 NaOH to bring the pH of the solution 
to “.2-7.4. Tlie solution was shaken for 20 minutes in a stoppered fiask, ccr.tri- 
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fuged and the supernatant fluid passed through Berkefeld V candles under 25 lbs. 
of air pressure. 300 cc. of the filtrate was collected and concentrated to 40 cc. in 
alundum thimbles lined with 8 per cent collodion membranes. The testicle ex- 
tracts were prepared in the same manner as in the previous experiments. 

For the test, 0.4 cc. of mixtures of equal parts of the concentrated filtrate and 
testicle extracts was injected intradermally in chickens. For the control of 
activity an equal amount of the concentrate diluted with Ringer’s solution was 
injected into each chicken. Fresh testicle extracts and tumor filtrates were pre- 
pared for every experiment. The results of two groups of tests are given in Table II. 

While the number of fowls inoculated in this group is not large, 
yet they show a uniform lack of any effect of the testicle extracts on 
the size of tumors produced by tumor filtrates. 

TABLE II 

The Action of Testicle Extract on Fresh Concentrated Berkefeld Filtrate of 

Chicken Tumor I 
(2 experiments) 


Concentrated Berkefeld filtrate of Chicken Tumor I 

No. of inocula- 
tions 

No. of tumors 

Average size of 
tumors 

Rat testicle extract 

6 

6 

cm. 

l.Sx 1.3 
1.8.x 1.6 
2.1 X 1.5 

Rooster testicle extract 

6 

6 

Salt solution (control) 

6 

6 





The Effect of Testicle Extract on the Size of Tumors Resulting from the 

Inoculation of Tumor Cells 

As stated above, testicle extract definitely inhibits the growth of a 
transplantable rabbit tumor and to a less extent of a certain trans- 
plantable mouse tumor. In these instances the tumors are trans- 
ferred only by cells. To parallel these experiments more closely w'e 
have tested the effect of testicle extract on the size of tumors produced 
by the chicken tumor cells. 

Experiments . — The chicken tumor cell suspensions were made b^' taking 1 cc. 
of freshly mashed chicken tumor tissue, passing it through a fine wire gauze mesh 
under slight pressure and suspending the cells in 5 cc. of Ringer’s solution. For the 
injection a mixture was made of equal parts of the cell suspension and the respec- 
tive testicle extracts. The total volume injected into each area of a normal 
chicken was 0.4 cc. The results of these experiments arc shown in Table III. 
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From the figures given in Table III there seems to be no enhance- 
ment of the growth rate of tumors resulting from mixtures of chicken 
tumor cells with testicle extract from four different species. 

The Effecl of Testicle Extract on the Development of Tumors in Young 

Fowls 

Hoffman, Parker and Walker (5), in their experiments referred to 
above, used 8 weeks old chicks and reported enhancement with ex- 
tracts of rabbit testicle (2 experiments with the same extract), but 
none with that from the rooster. In order to check the possibility 
that the age of the fowl affects the results our experiments have been 
repeated using chicks 6 to 8 weeks old. 


TABLE m 

The Action of Testicle Extract on Chicken Tumor I Cells 
(3 experiments) 


Chicten Tumor 1 cell su5pen«lon 

No. of inocula- 
tions 

No. of tuaors 

Average flze of 
tumors 


6 

6 

en. 

2. Ox 1.4 


14 

14 

2.2x 1.6 


3 

3 

2. Ox 1.4 


2 

2 

1 .9 X 1 .5 


12 

12 

2.3 X 1.5 



Experiments . — The tests were confined to the effect of rat and rabbit testicle 
extracts, but these were tested on both tumor cells and e.xtracts of desiccated 
tumor, the inoculations being made intradermally. The conditions of the experi- 
ments were the same as in the preceding groups, e.xccpt that young chieJis vrere 
used. The results of these experiments, with fresh extracts for each experiment, 
arc given in Table IV. 

further e.xpcrimcnt was carried out with S wcclis old chiclis, in which a mixture 
of chicken tumor cells and rat testicle extract was injected intramuscularly in one 
side, and in the other the tumor cell suspension appropriately diluted for control. 
The measurements of the resulting tumors suggested some enhancement in 3 of 
the 4 fowls. They were killed at the height of the e.xpcriment and the true mc-asure- 
ments made at autopsy showed no materia! difTcrcncc between the two sides. 
This was verified by the weight of the two tumors in the one chick showing the 
greatest dilTcrcnce in the crude measurements. 
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From these last tests it seems that there is no evidence of enhance- 
ment of tumors by testicle extract in young chicks, thus confirming the 
results we had obtained in adult birds. 

TABLE IV 

The Actioji of Testicle Extract on Chicken Timor 1 
8 Weeks Old Chicks Injected 


(3 experiments) 


Material injected 

% 

No. of inocula- 
tions 

No. of tumors 

Average size of 
tumors 




cm. 

Chicken tumor cells with: 




Rat testicle extract 

4 

4 

3. 3x2. 5 

Rabbit testicle extract 

4 

4 

3.2x 1.9 

Salt solution (control) 

8 

1 

8 

3. 2x2. 3 

Chicken tumor extract with: 




Rat testicle extract 

7 

7 

2. 3x2. 2 

Rabbit testicle extract 

7 

7 

2. 1x1. 6 

Salt solution (control) 

14 

14 

2. 2x1. 7 


DISCUSSION 

With testicle extract we have a factor or factors which augment the 
infection of viruses and bacteria on the one hand, and on the other 
seem to retard the growth of certain transplantable tumors. With 
this evidence it might be supposed that the action of testicle extract 
on the chicken tumor would give suggestive information as to the 
nature of the causative agent. However, since the testicle factor 
enhances infective agents (6) by increasing tissue and cell permeability, 
and since it enhances the action of certain toxins (7), it would appear 
that no deduction could have been drawm as to the nature of the 
chicken tumor agents even if the experiments had shown a definite 
enhancement. As a matter of fact we have found no evidence of 
definite enhancement or inhibition with the various testicle extracts 
investigated. There may be some simple explanation in this failure 
such as the structure of the fowl’s skin, but this does not seem likely 
since the ability of the testicle extract to bring about an increase in the 
area of spread of injected materials is just as evident in the chicken 
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skin as in that of the mammal. We see no immediate explanation of 
the difference in the results of our experiments and those of Hoffman, 
Parker and Walker. 


SUMMARY 

Extracts prepared from the testicle tissue of the rat, rabbit, fowl 
or bull, injected together with extracts of Chicken Tumor I or with 
cells of this tumor, showed no deffnite effect of either enhancement or 
inhibition as concerned the resulting tumors. 
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STUDIES ON THE PHl^SIOLOGICAL EFFECTS OF FEVER 
TEMPERATURES 


I. A Description of a Series of Constant Temperature Water 

Baths for the Determination of the Thermal Death Time 

OF Bacteria* 
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{From the Dcparlmenl of Medicine, Division of Radiology of the hiiivcrsity of 
Rochester School of Medicine and Dentistry, and Strong Memorial 
Hospital, Rochester, N. Y.) 

(Received for publication, June 30, 1932) 

In order to study the in vitro thermal death time of bacteria as well 
as that of tissue and tumor cells, it was necessary to have a series of 
constant temperature water baths to cover the range of fever tempera- 
ture in man from 37-42'’C. The purchase of many single units would 
have been expensive. The construction of such baths also seemed 
difficult and expensive, but after a consultation with the various 
members of the Departments of Bacteriology, Physiology, and Vital 
Economics of this school, it was decided to construct six baths as a 
unit in one table. This would enable us to use a single counter-shaft 
and motor for the stirrers and make the controlling equipment com- 
pact and simple. 


Coitslntclion 

Six ordinan- galvanized iron boxes were obtained from ihc Rochester Can Co. 
These were .35 x 4! cm. at the top, tapering to 49 x 34 cm. at the bottom, and 25 
cm. deep. They were thoroughly painted inside with aluminum bronze lacquer. 
A solid trough-like table (Fig. 1) was built to support these boxes flush with its 
upper surface. Each was separated from the other by a thin board partition. A 
space of 2 cm. was left between the top of the metai boxes and the surrounding 
walls, and the space filled with ground cork. The bottom of the metal boxes 

• This work was made iK.,->il,Ie by a grant from the Rockefeller I'oundation. 
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EFFECTS OF FEVER TEMPERATURES. I 


Fig. 1. Series of six constant temperature baths for stud 3 nng the thermal death 
time of bacteria. A, table supporting baths; B, recording galvanometer; C, 
rotating switch; D, siphon arrangement to maintain water levels; E, dental film 
holders to which are attached the labelled, sealed vials. Used to immerse vials 
in baths. 










D 








Fig. 2. Detail of two of the series of six baths. .1, motor; B, stirrer; C, thermo- 
regulator disconnected showing type and construction; D, thermorcgulator — 
installed within basket that atTords it protection; R, adjuster screw for thermo- 
regulator; /■’. continuous heater lamp; G, intermittent heater lamp; II, series of 
relavs that operate heater lamps; /, neon pilot lamps; J , resistance thermometer. 
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EFFECTS OF FEVER TEMPERATURES. I 


a side arm with platinum wire fused in the wall to make contact with mercur}' in 
the capillary. Attached to the bulb is about 1 m. of 0.5 cm. glass tubing 
bent into a series of twelve compact loops which are filled with toluene. The 
bulb is filled with just enough clean mercury so that when the regulator is placed 
in a bath at the desired temperature the mercury ascends about half way up 
the capillary. The junction between the toluene and the mercury should occur 
in about the middle of the bulb so that a little tilting is possible during the mount- 
ing process without allowing the toluene to enter the capillary. The side arm is 
fiilled with mercurj’^ in which is immersed one of the connections to the relay, 
the circuit being completed through the mercury in the capillary and the tempera- 



Fig. 3. Wiring diagram for constant temperature baths, with the recording 
thermometer circuits omitted. 


ture-adjusting screw. The top of the regulator with its adjustable contact and 
side arm projects through a hole in the plank. The temperature is adjusted by 
means of the movements of a 6-32 screw S cm. long, to w'hich is soldered a 6 to 
8 cm. length of No. 28 (B. and S.) nichrome wire. This wire passes down into 
the 1 mm. capillaiy of the regulator to make contact wdth the head of the mercury 
column. The thermoregulators require about 17 turns of the screw to change the 
temperature of the bath 0.1°C, The glass blowing for the thermoregulators was 
done by Mr. W. Latchford of the Department of Ph 3 'siolog>\ 

When the relay is activated so as to shut off the intermittent heater lamp, a 
small neon bulb is lighted (Fig. 3). Thus the rate at which the heater lamps flash 
on and off can be ^^sualized and a check kept upon the operation of the baths. 
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EFFECTS OF FEVER TEMPERATURES, II 


to demonstrate because complicated arrangements are necessarily re- 
quired to eliminate the heating factor. Nevertheless, Szymanowski 
and Hicks (1) believe they have succeeded in attenuating bacterial 
toxins by short wave radiation without the development of heat. 

HISTORY 

In 1893 d’Arsonval (2) reported that high frequency currents failed to stimulate 
tissues but only gave a sensation of heat. He was able to elevate the body tem- 
,peratures of animals and with such currents to stimulate their metabolism. Sclier- 
eschewsky (3) working with a vacuum tube oscillator studied the effect of short 
wave radiation on mice. He determined that wave lengths from 3.8 to 15 m. 
(80,000 to 20,000 kiloc3fcles) had the most marked lethal effect on mice. He 
noted a rise in their body temperature but his explanation for the cause of death 
was that an electromechanical vibration destroyed the living cells of the body. 
He believed that this was a specific effect, especially since the rectal temperature 
of dead mice could be raised onljffrom 0.1-0.7°C., while in the same length of 
time the rectal temperature of living mice was elevated from 5-6°C. Christie 
and Loomis (4) repeated similar work on mice, but maintained that the lethal 
effects were due to the heat generated b}' the high frequency current which was 
induced in the mice. They were unable to elicit any evidence of a specific effect, 
McKinley (5) made interesting observations on heating the adult and larval form 
of a beetle, Tcnchrio molitor, with a short wave oscillator. The adult was killed 
in 1 minute and 19 seconds, while it took 7 minutes and 38 seconds to kill the 
larva. He explained this difference by the selectivity of the waves for nervous 
tissue w'hich is abundant in the adult while the larval form is almost devoid of it. 
An exposure of 2 minutes and 1 second was required to kill the adult grasshopper, 
M danoplus fanur-rtthrnm, while the nymph of this same species was killed in 2 
minutes and 15 seconds. The length of time required to kill these two forms 
was practical^ the same due to the similarity of their nervous structures. There- 
fore, McKinley postulates a specific effect or selectivity of the short waves apart 
from the elevation of internal temperature which he believes to be onty a by- 
product of such radiation. 

Knudsen and Schaible (6) studied the effect of fevers produced bj' short wave 
radiation on 28 white rats. They were heated to an average rectal temperature of 
40.5°C. from 30 minutes to an hour, 5 times each week from 8 to 13 weeks. They 
state that it was difficult to keep the rats at any set temperature, and that during 
one treatment the temperature of five rats w’as elevated from 43.3-43.9°C., result- 
ing in the death of one of the animals. Thej' conclude that a temperature of 
40.5°C. does not appear to retard the growth of rats when e.xposed for short daily 
10101X1115 of 5 and 1 hour. They state that the reproductive organs of the 
male and female were not appreciabty affected, and that no abnormal pathologic 
lesions were produced. However, it is also stated that a histological examination 
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EFFECTS OF FEVER TEMPERATURES. II 


The second and tliird generations were observed for any possible 
developmental changes resulting from injury to the gonads or to 
other organs during fetal life. Such effects might result from the 
increased heat of the fever or from some inherent specificity of the 
short radio waves. 

Twentj'-four healthj' immature rabbits born to normal, large, adult Belgian 
hares were chosen from our stock. The mates of six litters, labelled A, B, C, D, E, 
and F respectively in the order of the kindling date of the litter, consisting of 
twelve bucks and twelve does, were divided into two groups. The first group 
contained ten controls, while the second was comprised of fourteen rabbits to be 
given fever treatments. Since the number and sexes in eacli litter varied, it was 
necessary to make an arbitrar}'^ division of the se.xes and matings in the control and 
treated groups. Wherever possible litter mates of the treated groups were paired 
and treated together, assuming that the maximum effect would thus be produced 
in the 3’’oung born to them, providing any clianges resulted from this form of 
radiation. In one case a treated buck (No. 11-84) was bred to two control females 
(Nos. 11-85 and 11-86). The matings and data concerning the number and 
frequency of the fevers appear in Table I. 

The technique of irradiation was as follows: The rabbits were e.xposed in a 
wooden box (orange crate) in the electrostatic field of the high frequency oscillator 
operating at a frequency of 10,000 kilocycles (30 m.). An orange crate, in addition 
to being inexpensive, offers both ventilation and drainage and the wood, being a 
good dielectric, does not heat to any great extent. The irradiation was supplied 
b}'' two oscillators in a Hartley circuit. In one a push-pull circuit was used, while 
the other gave onl}’’ half-wave rectification. The D.c. plate voltage on the oscillat- 
ing tubes was from 1,800 to 2,000 volts, and tlie plate current was from 2 to 4 
milliampercs. The high frequcncj'- waves oscillated between two aluminum 
plates (14 X 20 indies) set upon the cabinet, producing an electrostatic field in 
which the animals were heated. The high frequencj’- current in the leads to these 
plates varied from 2 to 4 amperes, depending upon the number and size of the 
animals in the field, as well as on the distance between the plates. The output of 
the madiine was adjusted in eadi irradiation to the optimum heating field strength, 
no set values except frequency being possible under the present conditions. One 
of the machines was kindly loaned to us by Dr. W. R. \Wiitney of the General 
Electric Research Laboratorj'', where it was designed. The other was built by 
Mr. F. W. Bishop of our laboratorj'- staff. Both machines operate at the frequency 
stated above. Oscillation is indicated bj' the glowing of a neon bulb set near one 
of the high frequenci' leads. 

The fever treatments were begun on litter mates at ages varj'ing from 29 to 171 
days and continued either 2, 3, or 5 limes per week until the pregnancy terminated. 
The bucks likewise were given no more fevers after their mates had kindled. 
The rabbits in Litters C, D, E, and F %Ycre not treated for about 1 month during 
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an epidemic of diarrhea due to coccidiosis. This occurred in the controls and 
treated rabbits alike when they were about 90 da5’^s old. On the day of the first 
treatment all of the rabbits in a litter were weighed and thereafter at weekly 
intervals. Rectal temperatures were taken at the beginning and at 15 minute 
intervals during the period of the exposure and afterward until the temperature 
of the rabbit had returned to normal. The current was shut off and the animals 
were removed from the field to make these observations. At each treatment we 
endeavored to produce a rectal temperature with fastigium of 41.5‘’C., but occa- 
sionally the temperature varied from 41-42°C. The highest temperatures 
measured dmring the series of irradiations are recorded in Table I, and it will be 
observed that in two instances temperatures of 42.4°C. were reached. 

The exposure of the animals repeatedly over a long period of time necessitated 
care to prevent burns from contact with the aluminum plates. It is important 
not to allow the urine to wet the feet of the rabbits. It contains enough salts 
to make an excellent condenser, and the concentration of eddy cmrents in the liquid 
is sufficient to cause severe bums. While the position of the animal between the 
aluminum plates makes some difference in the rate of heating, the movement of 
the animal in the crate is usually sufficient to make local overheating negligible 
during the treatment. 

When the rabbits were young it was possible to irradiate four at a time in the 
compartments of an orange crate, but as they grew larger mated pairs were heated 
to maintain similar conditions in both sexes. The control rabbits were likewise 
brought to the treatment room each day with the animals to be treated. Their 
temperatures were taken several times, as were those of the irradiated rabbits, in 
order to handle the former animals as much as the treated animals. 

When pregnancy terminated the I'oung in each litter were coimted and weighed, 
and, if they survived, observations were made on their growth and fertility until 
a third generation was bom. The litters comprising the third generation were 
also counted, weighed, and observed for survival and growth. 

Pairs were kept together until pregnancy Was definitely established, after which 
the rabbits were separated. All rabbits were otherwise kept in separate cages 
and fed on a stock diet of an abundance of whole oats. In the summer months 
fresh cut green alfalfa was fed daily in addition, while during the rest of the year 
dried alfalfa and chopped cabbage were fed on alternate days. Fresh water 
was always available in the cages. All of the animals were fed at the same time 
each day. 

EXPERIMENTS 

Experiment 1. Litter A . — ^Rabbits 11-16 female and 11-20 male were paired. 
Beginning at 123 days of age they were given 3 short wave fevers each week with a 
total of 22 and 26 exposures respectively, with a total amount of 23J and 33 hours 
irradiation. At the age of 331 days the female gave birth to six normal, living 
young totalling a weight of 244 gm. She refused to nurse them and raised none 
of the litter. The other male in this litter. No. 11-18, was used for a control. 
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and the latter died a few hours later. Rabbit 11-97 gave birth to five young 
totalling a weight of 185 gm. when she was 216 days old. The mother refused to 
nurse the litter and to care for them, which resulted in their death within 48 hours 
after birth. 

Experiment 6. Litter F . — ^The three males in Litter F, Nos. 11-98, 11-99, and 
12-00, were used as follows: Rabbit 11-98, as mentioned above, was bred to the 
two treated females in Litter E (Nos. 11-93 and 11-94). Rabbit 11-98 was given 
39 fevers biweekly, totalling 74 J hours irradiation. Rabbit 11-99 was used for a 
control, while No. 12-00, also a control, died at the age of 255 daj^ from pneumonia. 

RESULTS 

It will be noted from Table I and from the growth curves of the 
controls and of the treated rabbits in Graph 1, that no evidence of 
injury was caused by repeatedly irradiating rabbits in an electrostatic 
field of short radio waves (30 m.), thereby elevating their body tem- 
perature from 41-42°C. for a considerable length of time. Weekly 
weights were observed until they had attained their maximum weight 
at maturity (age when body weight maintained practically a uniform 
level). In the majority of cases the rabbits exposed to repeated short 
wave fevers gained a greater maximum weight than did the controls. 
However, the treated bucks did not attain as great a weight as that of 
the treated does 3 or 4 months after kindling. The coats of the irradi- 
ated group of rabbits were smoother and sleeker than those of the non- 
irradiated group. In practically every instance one not familiar with 
the experiment could easily differentiate the two groups by the better 
general appearance and size of the fever-treated rabbits. The latter 
appeared more vigorous, healthier, and better nourished (see Fig. 1). 

Regardless of the appearance of the two groups, the most reliable 
information is the percentage of gain in weight. It is difficult to make 
comparisons in Litters A and B because of their small numbers and 
because they were from 4 to 6 months old when the experiment was 
undertaken. However, the fever-treated Female 11-16 (Litter A) 
gained 21.04 per cent of her weight, while the untreated control doe in 
this litter, No. 11-18, gained only 14.45 per cent in weight in the same 
period. The treated buck gained 9.82 per cent. In Litter B the 
irradiated buck, No. 11-15, gained 9.84 per cent, while his doe. No. 
11-19, likewise treated, made a percentage gain in weight of 20.67 per 
cent. The untreated doe, No. 11-17, showed a gain of 21.4 per cent, 
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which is slightly more than that of her treated sister. The percentage 
of gain in weight of the rabbits in Litters C, D, E, and F was similar 
although that of the treated rabbits, with one exception, was greater. 
The variation in percentage of weight gained between the irradiated 
and non-irradiated rabbits was never more than 6 per cent, while the 
average gain was from 2 to 3 per cent. The treated buck. No. 11-98 
(Litter F), failed by 0.66 per cent to obtain as great a gain in weight 
as did his brother. No. 11-99. It is evident that 5 fevers given per 
week had no greater effect on the rabbits than 2 fevers per week. Of 
course, individual variation as to t 3 ^e and conformation of the rabbits 
must be considered. However, at the time when the litters were 
divided it was our aim to apportion them as equally as possible. The 
average percentage of gain in weight being practically always in favor 
of the rabbits given repeated fevers leads us to believe that the fevers 
stimulated their metabolism. 

The protocols fail to show that repeated short wave fevers interfered 
with either the fertility of the bucks and does or with the size of the 
resultant litters when compared to the control group. The observa- 
tions of Moore (8) indicate that the elevation of the temperature of the 
testes is a dangerous procedure, but in these experiments we failed to 
see any evidence of sterility being produced by the repeated elevation 
of the body temperature from 41-42®C. Rectal temperatures were 
recorded in these experiments, but by the use of thermocouples we have 
shorni that normally the temperatures of the testes are from 1.5-2.5°C. 
lower than that of the rectum. Therefore, it is apparent that at no 
time during the irradiation was the temperature sufficiently elevated 
to injure the testes. The average age at which females become 


sexually mature and conceive is from 6 to 8 months. Allowing 31 days 
for the period of gestation, the controls conceived from 142 to 209 days 
of age, while the fever-treated rabbits conceived from 153 to 225 days 
of age. Thus, the average kindling age of the fever-treated females 


was 14 days older than that of the controls. This apparent delaved 
conception may be explained upon the basis of the frequent handling 
winch may have disturbed the £e.vual relations of the male and female. 
However, an attempt was made to handle the controls as much as the 
irradiated group. As previously slated, when the fever-treated rabbits 
vcrc brought from the animal house to the laboratory', the control 
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dead. None of the young showed any evidence of gross abnormality. 
The does of both groups had an abundance of milk but would not 
nurse the litter. Often the mothers cast them from the nest and gave 
the young no care. Since this attitude of the mother was similar in 
both groups, it is evidently not due to the irradiation or resultant 
fevers. 

Welch (9) studied the effect of keeping rabbits in an incubator at 
temperatures from 41.5-41.8°C. for 3 weeks. He observ-ed a loss of 
weight, but called attention to the differences between his artificial 
fever and that produced in the course of an infectious disease. In the 
former, heat loss was decreased, while in the latter it is not definitely 
known what changes in the heat-regulating mechanism occur. Never- 
theless, it is evident that in the course of an infectious disease with 
elevation of body temperature, there is an increased heat production 
with or without a decreased heat loss in the body. He further quotes 
Naunjm as having kept a rabbit alive 13 days with an average body 
temperature of 41.5°C. In 1923 Walker (10) reported that an eleva- 
tion of body temperature of 2° or 3°C. by the use of diathermy was 
accompanied by a 10 to 15 per cent increase in metabolism. Dubois 
(11) determined that during the course of a fever coincident with most 
infectious diseases, metabolism behaves according to Van’t Hoff’s law. 
He observed a 13 per cent increase for eveiy- 1®C. rise in body tempera- 
ture. However, liIcCann and Barr (12) found that the basal meta- 
bolic rate in tuberculosis was within normal limits. Nasset, Bishop, 
and Warren (13) showed that when the body temperature of dogs was 
elevated from 5-7°C. b}' diathermy, the blood sugar was depleted, 
the non-protein nitrogen was increased, while the CO- content of the 
blood was diminished. These findings indicate a markedly increased 
metabolic rate during such fevers. That the short radio waves used 
to elevate the temperature of the rabbits have no specific effect on 
metabolism, and that the resultant heat of such irradiation is responsi- 
ble for the increased weight, is indicated by the work of Luce-Clausen 
(14). She observed that near infra-red radiation (720 to 1120;i) 
accompanied by no noticeable rise of rectal temperature stimulated the 
gro%vth of rachitic rats. 

Although we know from previous experience with the production of 
short wave fevers in rabbits that it is possible to cause a loss of weight 
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from elevating the body temperature too high and maintaining it too 
long, we attempted to prevent such injury from overheating in this 
experiment. We anticipated an increased gain in weight in these rab- 
bits because we have noted a gain in weight in those patients subjected 
to high frequency fevers as a therapeutic measure. We believe that 
the increased percentage of gain in weight of the fever-treated rabbits 
must be explained upon the basis of a stimulation of metabolism, or 
to an increased oxidation brought about by the increased acceleration 
of all body functions during the febrile reaction. However, these 
factors may also have caused a greater intake of food. It must be 
remembered that the t3q)e of fever produced in our experiments is 
very similar to that produced naturally in pathologic physiology. 
The short radio waves produce an internal heating that is entirely 
different from the elevation of the body temperature by warm air or 
warm water baths resulting from heat conductors, 

SUMMARY AND CONCLUSIONS 

1. The repeated elevation of body temperatures of male and female 
rabbits to 41° and 42°C, from 2 to 5 times per week by short radio 
waves (30 m,), beginning from 29 to 171 days of age and extending 
through their first period of gestation, failed to injure their growth or 
to interfere with mating, fertilization, or the development of young 
ill utero. Litter mates were kept for controls, 

2. The rabbits exposed to the short wave fevers showed, in the 
majority of cases, a greater percentage gain in weight than did the 
control litter mates, 

3. The kindling age of the treated group was, on an average, 2 weeks 
older than the non-treated group. 

4. The fever-treated females averaged five and one-half young per 
litter with an average weight of 41 gm., while the untreated females 
averaged seven per litter with an average weight of 36.5 gm. 

5. The repeated elevation of body temperature by short radio waves 
is a safe procedure when temperatures greater than those within 
physiological limits are not employed. 
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EXPLANATION OF PL.ATES 
Plate 34 

Fig. 1. Litter D. Photographed Dec. 16, 1931. Age 14 months. Nos- 
11-87, 11-88, 11-89, and 11-90 repeatedly irradiated with short wave (30 m.) fevers 
from 46 days of age until termination of first prcgnancj-. No. 11-91, control, 
untreated litter mate. 


Plate 35 

Fig. 2. Litter E. Photographed Dec. 16, 1931. Age 14 months. Nos. 11-93 
and 11-94 repeatedly irradiated with short wave (30 m.) fevers from 44 daj's of 
age until termination of first pregnancj’. Nos. 11-95, 11-96, and 11-97, controls, 
untreated litter mates. 
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Wagner-Jauregg’s (1) classical work on the treatment of dementia 
paralytica by the injection of Plasmodunn lualariac has stimulated 
much research on the therapeutic use of fever and its relation to in- 
fectious S5mdromes. The cause of remissions in paretics following 
fever therapy is not well understood, but evidence is being accumulated 
to show that the increased heat of the fever is an important and funda- 
mental factor which has not been emphasized in the literature. We 
believe that fever temperatures are injurious to many of the patho- 
genic organisms, and are submitting evidence indicating that the 
spirochete of syphilis is especially susceptible to temperatures above 
normal. We realize that this is not a new idea, but it has been lost 
sight of, to a great extent, in the teaching of modem medicine as 
indicated by the use of antipyretics in febrile diseases. 

The data which we present are the first of a scries of studies on the 
thermal death time of various microorganisms. These studies offer 
a practical basis for establishing the duration of the fever period and 
the height of the temperature of patients subjected to artificial hy- 
perthermia (2, 3). Although the results of our in vitro studies on the 
longci'itj’ of Treponema pallidum at fever temperatures arc very sug- 

* Tliis work was m.adc possible by grants from the Rockefeller Foundation .and 
the Resc.arch I.aborr.tory of the General Electric Co. 
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gestive, a discussion of the clinical relations of the infection to the 
artificial therapeutic febrile reactions in the patient cannot be con- 
sidered here. The clinical results of this method of treatment of 
paretics by others, as well as by us, have justified further investigation 
of fever as a therapeutic method of value in paresis. The data pre- 
sented here suggest that the therapeutic fever may likewise be useful 
in the treatment of the earlier stages of syphilis. 

Very little work has been reported on the thermal death time of 
Treponema pallidum in vivo or in vitro. This is no doubt due to the 
difficulty encountered in isolating and cultivating the organism, as 
well as to its failure to stain easily with dyes except under the com- 
plicated silver reduction technique. Another handicap is the un- 
certainty of animal inoculation in many instances and the long incu- 
bation period before the development of lesions. The majority of 
investigators consider that the thermal death time is short, and that 
because of its extreme parasitism it does not survive long in an environ- 
ment slightly changed from its normal habitat. 

Method 

We undertook the following experiments to determine the length 
of time T. pallidum could live in vitro at temperatures ranging from 
37,5-42“C., 41.5°C. being approximately the maximum temperature 
that can be safely withstood by man for from 5 to 7 hours (3). 

A total of 126 health}’-, adult male rabbits, with large, well developed and com- 
pletely descended testes were used in these experiments. Blood Wassermann tests 
were made on all rabbits before inoculation with the spirochete of s}’philis. The 
Zinsser-Hopldns and the Nicliols strains of T. patlidum were employed for this 
investigation. The description of a typical experiment follows: 

Three rabbits were inoculated with the Zinsser-Hopkins strain of T. pallidum. 
After they developed either the typical s}’philoma or cliancre of e.xperimental syphi- 
lis, under ether anesthesia the testes of these rabbits were removed ascptically, 
placed in a sterile mortar, and cut with sterile scissors into bits 3 to 4 mm. square. 
30 cc. of a sterile physiological salt solution were then added and tlie tissues were 
ground to a fairly fine suspension. Dark-field examinations showed from 5 to 15 
actively motile spirochetes in each microscopic field. With a 30 cc. glass Luer 
s>Tinge and a long needle, amounts of 1 cc. of the extract were introduced into 
sterile glass vials of appro.ximatcly 1.5 cc. capacity. The vials were sealed, labelled, 
attached to dental film holders, and immersed in water baths at temperatures of 



U. A. BOAK, C. ir. CARPENTER, AND S. L. WARREN 743 

37.5°, 39°, 40°, 41°, 41.5°, and 42°C. The variation of the temperature in these 
baths is not greater than 0.002°C. (A description of the baths is given in an ac- 
companying paper.) Two vials were left on a laboratory table at room tempera- 
ture (approximately 25°C.). At hourly intervals a vial was removed from each 
water bath, the seal broken, and the contents removed by a hj'podermic S3'ringe. 
0.5 cc. of the extract was then injected into each testis of a rabbit, one rabbit being 
used for the contents of each vial. The contents of one of the vials kept at room 
temperature was similarly injected into rabbits after the 1st and 6th hours. 

Two similar experiments were completed on the Nichols strain of T. pallidum. 
However, in the first of these an extract was prepared from a single rabbit and 
subjected to only one temperature each day. This was necessary because at that 
time only one water bath was available. It was feared that the variation in the 
number of spirochetes in extracts prepared from different rabbits might introduce 
a serious error. We found that this was not a factor, inasmuch as a thermal death 
time was obtained which was similar to that obseiv’ed when a mixed extract was 
subjected to the different temperatures simultaneously on the same day. 

Thirty-four rabbits were used for tests with each strain. Examinations were 
made at hourly intervals of the six different temperatures above mentioned, n-ith 
the exception of 42°C. in which case injections were made for the first 4 hours only. 
Each rabbit was kept in an individual cage. The rabbits were inspected weeklj- 
for 14 weeks, after which time a second blood Wassermann examination was made. 

llTien the development of lesions occurred in the testes, dark-field e.xaminations 
were made, and in every' case typical T. pallidum was found in varj-ing numbers. 
Rabbits showing no lesions at the end of 3 months were considered negative. This 
was confirmed by the outcome of the Wassermaim reactions and by further animal 
inoculation. These were conducted in one of the two following wa>-s: Extracts 
were prepared from the testes and popliteal nodes removed aseptically under ether 
anesthesia from some of the group, and these were injected into the testes of other 
adult rabbits. The animals were observed 3 months for evidence of syphilis. The 
remaining animals of the group were given an intratcsticular injection with a 
known virulent strain of T. pallidum. Several investigators (4-6) have stated 
that rabbits infected with syphilis will not develop typical lesions on reinoculation, 
IVc have used this criterion as an indication of the absence of syphilis in these 
rabbits. The rabbits which developed no lesions and in which the outcome of the 
Wassermann test remained unaltered have developed typical extensive syphilo- 
mata in the usual lime on rcinoculation. On the other hand, rabbits with healed 
and quiescent lesions have not developed syphilomata on reinoculation 

REStrLTS 

_ The results of the e.xamtnations (as shown in Table I) arc conclu 
sive, and of great interest from several standpoints. The artificial 
conditions under which the spirochetes were kept apparentlv did not 
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injure them to any great extent, as determined by the injection of 
rabbits with the control extracts left standing in sealed vials at room 
temperature (25*C.) and in the water bath at 37.5°C. for 6 hours. In 
other experiments we have observed that even lower temperatures 
(22-23°C.) for 8 hours failed to injure the organism in such testicular 
extracts as evidenced by the fact that characteristic lesions of experi- 
mental syphilis were produced upon rabbit inoculation. There is 
some evidence (Duran-Reynals factor) (7) that a testicular extract is 

TABLE I 

The Thermal Death Time of Two Sirahis of Treponema pallidum at Fever 
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indicates infection in rabbit following intratesticular injection of heated 
extract. 
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a most favorable medium for suspending tlie spirodietes and for their 
injections, because of its increasing the susceptivity of the host. 

The hydrogen ion concentration of the extracts during the time they 
were exposed to the fever temperatures remained practically constant. 
A change of from only 0.1 to 0.5 pH, as determined by the electromet- 
ric method, was noted at the highest temperature for the maximum 
heating period. The slight change observed was toward the acid 
side. 

Any criticism of the technique can be met by the fact that typical 
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experimental syphilis was produced by the injection of the control 
extracts maintained at 25“ and 37.5°C. for 6 hours. It seems evident 
that the increased temperature was the fundamental factor in injur- 
ing or destroying the spirochetes. That this organism is so suscep- 
tible to slight changes in the temperature of its evironment is remark- 
able. 

The results of the blood Wassermann tests before and 3 months after 
inoculation on the series of rabbits injected with the Zinsser-Hopkins 
strain are given in Table II. In each instance the results with the 
non-cholesterinized and cholesterinized antigens are given, as well as 
those of the Kahn test. In several instances the blood of the unin- 
jected rabbit showed some reaction that may be considered as non- 
specific or due to an infection with Treponema cuniculi. However, in 
no case was there a four plus reaction before injection with the three 
antigens used (see protocols). Our experience indicates that when 
typical syphilomas or chancres develop in rabbits’ testes, the serum 
always shows a four plus reaction. We have noted no marked change 
in the Wassermann reaction during a 3 month period if infection was 
not established after injection. The results of our clinical findings and 
blood tests have been very consistent. Thomsen and Christensen 
(8) have reported that after rabbits were injected with T. pallidum 
extracts, a markedly positive Wassermann reaction developed regu- 
larly after from 5 to 6 weeks and continued for approximately 6 
months, when it gradually disappeared regardless of the clinical 
course of the disease. 


DISCUSSION 

There are two general approaches to a study of fever temperature 
effects on T. pallidum : first, a consideration of the optimum tempera- 
ture for its isolation and cultivation; and second, the resistance of 
the microorganism to temperatures higher than that normally ob- 
served in man. 

The literature contains only a few reports on the optimum temperature for the 
isolation and cultivation of T. paUidutn. It should be emphasized that some of 
the reported isolations of T. pallidum were evidently not those of the spirochete 
of S3’philis, cspcciallj’’ since these cultures failed to produce lesions when injected 
into c.xperimental animals. In some of the standard texts on bacteriologj’' a tern- 
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ascitic agar were added to each tube, incubated at 37°C. for 10 dajrs, and exam- 
ined. They observ'ed that their controls were viable for 12 hours at room tem- 
perature. The other cultures were viable for 6 hours at 37°, 1 hour at 40°, and 7 
minutes at 45°C. No growth occurred after 10 minutes exposure at 45°C. They 
state that 37°C. for 6 hours injured the spiroclietes because much less growth oc- 
curred in the tubes exposed at this temperature than in those at room temperature. 
However, thej’- say that the organism would survive many hours at 45°C. if kept 
under strictly anaerobic conditions with properly balanced saline constituents and 
other nutrient substances. Zinsser and Hopkins (25) determined the resistance of 
cultures of T. pallidum mixed with cocci and bacilli, and placed on bits of cloth in 
diffuse light at room temperature var3dng from 21.5-25°C. The spirochetes were 
viable 11| hours under these conditions, as were their controls in tubes in the same 
environment. When the same mixture of spirochetes and other microorganisms 
was placed on glass slides and allowed to dry under the above conditions, T. 
pallidum was dead after IJ hours. Schamberg and Rule (26) heated an extract 
made from a rabbit’s testis for 1 hour at 40°C. and found that it failed to infect on 
inoculation. The}'^ state that the thermal death time outside the body is 4rC. 
for 6 hours. Bcssemans, Vergoullie, and Hacquaert (27) have been quoted on the 
effects of hot baths on human chancres. They observed that the healing of local 
lesions in rabbits and man occurred rapidly when exposed for 1 or 2 hours from 40- 
42°C. They conclude that exposure for 2 hours at 40°C., or for 1 hour at 42°C., 
will kill the spirochete of sj'philis but will not injure the tissue cells. That T. 
pallidum has the same thermal death time in vivo as in vitro is much more difficult 
to determine. Wakerlin (28) has recently reported a case of sj'philis due to an 
accidental laboratory infection vath the Nichols (29) strain of T. pallidum. Such 
evidence indicates tliat this strain of spirochete has not lost its pathogenicity for 
man during manj”^ j^ears of animal passage. 

These observations suggest that the thermal death time of human 
strains is probably not longer than that of the strains of experimental 
syphilis used by us in these experiments. This will be discussed in 
another paper of this series. 

SUMMARY AND CONCLUSIONS 

1. The thermal death time of Treponema pallidum in extracts from 
lesions in rabbits’ testes wms determined in vitro at fever temperatures 
using the Zinsser-Hopkins and Nichols strains. 

2. The criteria to determine the persistence of infectivit}" of the 
heated extract were the following: the development of lesions on 
inoculation into rabbits, dark-field examination of tissue from the le- 
sions, the outcome of blood Wassermann tests, and of reinoculation 
tests. 
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3. The thermal death time of the two strains of spirochetes was 
approximately the same, although the Nichols strain was somewhat 
the more resistant. In the case of the latter 5 hours at 39°C., 3 hours 
at 40°C., 2 hours at 41°C., and 1 hour at 41.5°C., were required to 
render infective extracts innocuous to other rabbits. 

4. The thermal death time of T. ■paUiAum in testicular extracts in 
vitro at fever temperatures is so short as to suggest that induced fever 
may be useful therapeutically in hitman sjq)hilis. 

We wish to express our appreciation of the assistance and adxdce 
given us by Dr. Stanhope Ba 3 me-Jones, Professor of Bacteriology, 
and for services rendered by the Department of Bacteriolog}^ 

Miss Hester Austin, serologist in the Rochester Health Bureau 
Laboratories, very kindly made the Wassermann and Kahn tests for us. 
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Wagner-Jauregg (1) was able to obtain clinical remissions in patients 
with dementia paralytica following a fever due to the injection of 
foreign proteins or to the tertian form of malaria. Belie^^ng that his 
results were produced chiefly by the effect of fever temperatures upon 
the spirochete of sj^hilis, we have studied experimentally the effect 
of fever on the healing of syphilitic lesions in rabbits. This can be 
done by placing the animal in a high frequency electrostatic field with 
the result that the temperature of the animal can be elevated and 
controlled at will, without introducing into the body any foreign 
material. 

Since Bertarclli’s (2) observation in 1906 that he could successfully produce 
SN-philis in rabbits by the injection of spirochete-containing tissue from man, many 
studies on the treatment of experimental sj'philis have been rep>orted. A feu- 
workers have tried to influence the course of experimental s>-philis in rabbits by 
the use of various methods to elevate the temperature of the animal. Weichbrodt 
and Jahncl (3) reported the healing of scrotal chancres in rabbits by placing the 
animals in an incubator at 41.0'C. for 1/2 hour twice daily over a period of from 
3 to 5 weeks. Schamberg and Rule (4) were able to prevent the development of 
scrotal ch.oncrcs by daily raising the bod}- temperature of rabbits 2"C. with a total 
of eleven immersions in a hot water bath. The first bath was given on the 4th 
day after intratcsticular injection of the spirochetes. Later, they (5) reported 


• This work was made possible by grants from the Research Laboratorv- of the 
General Electric Co. and the Roclrcfcller Foundation. 
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that they had cured two rabbits with scrotal chancres by submersing them on 15 
successive days for 15 minutes in hot water baths at 45°C., which elevated their 
body temperature 5.2°F. and 5.8°F. (about 3°C.) respectively. Sublingual 
temperatures were recorded in their experiments. 

In a previous report (6) we showed that short, repeated fevers 
prevented the development of syphilis in twenty-one of a series of 
twenty-five rabbits, when the treatments were begun 3 to 7 days after 
the intratesticular injection of extracts containing Treponema pallidum. 
In the absence of any obvious specific efi'ects, we believe the elevation 
of temperature obtained when rabbits in the high frequency field 
produced by an oscillator (10,000 kilocycles) are exposed is due to 
heat from induced alternating currents and from the increased rate 
of vibration of the molecules of the cells produced by their alternate 
attraction to each of the plates in turn. As an accompanying paper 
shows, this type of fever is safe within the limits of the rabbit’s body 
tolerance (42.5°C.). 

The following experiments represent a continuation of the study of 
the effect of short multiple fevers on experimental syphilis in rabbits. 
Also, an attempt has been made to find the shortest number of treat- 
ments at a temperature of from 41-42°C. necessary to cure the animal 
of its infection. We have been able to demonstrate the efficacy of a 
prolonged single fever (41.5°C,). The influence of room temperature 
conditions (,25-30°C.) on the testes must be guarded against when 
treating syphilitic lesions in the testes. 

Method 

A group of thirty-seven adult male rabbits with large, well developed testes 
were used for these e.xperiments. No pure bred animals were used and the rabbits 
varied considerably, resembling the Belgian hare, the New Zealand Red, the 
Flemish Giant, and the Albino, respective^. Seven were inoailated with the 
Zinsser-Hopkins strain of T. pallidum and the remainder with the Nichols strain. 
The following technique alwaj's produced good sj'philomata or cliancres. 

A rabbit with well developed chancres in each testis was chosen from a previ- 
ously inoculated series. Under ether anesthesia the testes and popliteal lymph 
nodes were removed aseptically, cut up into small bits in a sterile mortar, and 
ground with 10 cc. of a sterile physiological salt solution. A dark-field micro- 
scopical examination of the extract revealed from 3 to 25 active spirochetes per 
field. From 0.1 to 0.5 cc. of this suspension was injected into each testis of the 
group to be studied. The rabbits were kept in individual cages and inspected at 
weekly intervals until the chancres or sj-philomata were well developed. 
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The rabbits were then divided into two groups. Sixteen were kept as controls 
to study the length of time required for spontaneous healing of the chancres, as 
well as the duration of the infectivity of T. pallidum in the rabbit after inoculation. 
From 30 to 395 daj^s after injection, the sixteen control rabbits were sacrificed and 
extracts made from their testes and popliteal Ijnnph nodes, as previously described. 
The suspensions were then injected intratesticularly into an equal number of 
normal, male, adult rabbits, with well descended testes (see Table I). This 
reinoculated group of rabbits were then inspected at weekl}' intervals for evidence 
of the development of S3'philis as indicated bj" gross lesions, blood Wassermanns, 
and dark-field examination. 

The other group of twentj'-one inoculated rabbits were subdivided and heated 
by irradiation in the short wave electrostatic field (Tables n and III). The fever 
treatments were started at various stages of development and healing of the 
testicular lesions. The number and length of the heating periods, as well as the 
period between the end of the treatment and reinoculation, were varied in order to 
study the effects of these different time intervals. 

The heating was accomplished very simply by exposing the rabbits to high 
frequenc}' waves (10,000 kilocjxles) in a field between two aluminum plates of a 
high frequency oscillator (6). The animals were placed in an orange crate or a 
glass battery jar, and the field strength regulated to elevate the tempera tmre of the 
rabbit within 20 to 30 minutes to about 41.5°C. The animak were removed 
from the field every 15 minutes for rectal temperature observations after which 
they were returned to the container and the heating continued if their temperature 
was to be elevated further, ^\^len it was to be maintained at a given level, the 
field strength was reduced accordingly or the current turned on and off at the 
proper inteiA'als. After the treatment was completed the animal was placed 
on the cool cement floor or in a box while defervescence occurred. The period of 
cooling varied considerably with the room temperature and with the 137)6 of rabbit. 
Those with thick fur, such as the Angora rabbits, required an hour or more to 
return to the temperature which the3- had prior to the irradiation. 

The first fourteen animals were heated from 41-42°, 5 or 6 times each week until 
the scrotal chancres had completely healed and the scabs had fallen off. This 
usually required 3 weeks, although in some instances 4 weeks of treatments were 
neccssar3-. These daily treatments were used to imitate the paro.X3-sms of malaria 
fever since this t3-pc of febrile reaction is used for the treatment of paresis. Later, 
rabbits were given longer and fewer treatments in order to determine the minimum 
number of fc%-crs at the above temperatures neccssar3- to kill the spirochete. As 
noted in Table III, only one 6 hour treatment was given to rabbits with well 
developed S3-philis and found to be effective. 

WTcn the designated number of fevers were completed, the rabbits were sacri- 
ficed at intcr\-als up to 214 days. Extracts of their testes and popliteal h-mph 
nod« were injected into an equal number of normal, male, adult rabbits accordinir 
to the procedure already described for the controls. Prior to injection, dark-field 
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examinalions of the inoculated material were made in almost ever}’’ case. Histo- 
logical examinations were made on some of the tissues, but Levaditi stains for 
spirochetes and the usual hematoxjdin and eosin stain were of little value in proving 
that the infection had been cured. 

All of the rabbits irradiated possessed well developed s 3 ^philomata or chancres 
in the testes before treatment e.xcept No. 12-12. Clinicallj^, the lesions in this 
case had healed spontaneously, but the animal was no doubt still infectious as 
shown by the findings in our control series. Rabbit 4-97 was overheated. His 
rectal temperature registered 46.6°C. during a treatment. Upon this finding, 
the testes and popliteal 13 'mph nodes were immediately removed under ether 
anesthesia, an extract was prepared and injected into another rabbit. 

RESULT 

It will be noted from Table I that the inoculation of a group of 
normal male rabbits tvith extracts of testes and popliteal lymph nodes 
from the controls gave positive results in ever}'- instance. In some 
of the control rabbits, the extract from the testes was injected into one 
testis, while the extract from the popliteal lymph nodes was injected 
into the other testis. However, in most cases a bilateral intratesticu- 
lar injection of 0.5 cc. of a single extract prepared from the testes and 
lymph nodes was made. Our experience has shown that in several 
cases extracts from the popliteal lymph nodes failed to infect, while 
the extract from the testes gave positive results. In no instance have 
we found evidence of T. palUdmn by animal inoculation in the popliteal 
lymph nodes when the testicular extract failed to infect. 

The finding that T. pallidum remained in the popliteal lymph nodes 
and in the testes for a long time after spontaneous clinical healing of the 
lesions confirms that of other observers. In the group of controls, 
viable spirochetes were found 395 days after injection. Good lesions 
developed in the reinoculated series after this comparatively long 
interval. No clinical evidence of generalized lesions or of extension 
of the infection beyond the testes, inguinal, and popliteal nodes 
occurred in the control group of rabbits. The average time required 
for the development and clinical healing of the chancres in the un- 
treated rabbits was 4 months. Occasionally a small chancre would 
heal in 3 months when only some thickening of the scrotum, or per- 
haps small nodules in the epidid}rmis or testis, remained. However, 
this material was still infectious. 
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The results of the reinjections of extracts from the testes and popliteal 
lymph nodes of the treated group are tabulated in Tables 11 and III. 
It will be noted that with one exception (Rabbit 4-99), negative 
reinoculation results were obtained with the various fevers and inter- 
vals of irradiation used. We continued the fever of the malarial 
type {i.e. multiple short periods) imtil the chancre had completely 

TABLE I 


Control Rabbits 


Rabbit 

No. 

Bate of injection 

Strain 

Amount injected 

Intcrv.ll between 

1st injection 
nml rcinocul.i- 
tion 

‘i 

a 

K 

<i 

Q 

Bate of reinocu- 
lation 

No. of 
rabbit 
in- 
jected 

Result of re- 
inoculation 

3-74 

Sept. 18, 1929 

Nichols 

cc. 

0.1 

days 

30 

+ 

Nov. 18, 1929 

4-53 

Positive 

13^1 

Feb. 5, 1931 

Nichols 

0.5 

43 

+ 

Mar. 20, 1931 

13-86 

Positive 

7-39 

Apr. 1, 1930 

Nichols 

0.2 

86 


June 26, 1930 

9-84 

Positive 

14-26 

May 15, 1931 

Zinsser- 

0.5 

87 

+ 

Aug. 11, 1931 

15-87 

Positive 

16-29 

Oct. 13, 1931 

Hopkins 

Zinsser- 

0.5 

93 

+ 

Jan. 14, 1931 

17-31 

Positive 

7-34 

Apr. 1,1930 

Hopkins 

Nichols 

0.2 

115 

+ 

July 25, 1930 

10-57 

Positive 

13-40 

Feb. 5, 1931 

Nichols 

0.5 

123 

+ 

June 8, 1931 

14-58 

Positive 

13-86 

Jklar. 20, 1931 

Nichols 

0.5 

131 

-h 

July 29, 1931 

15-80 

Positive 

13-71 

Mar. 7, 1931 

Nichols 

0.5 

144 

+ 

July 29, 1931 

15-78 

Positive 

13-76 

Mar 7, 1931 

Nichols 

0.5 

157 

s 

Aug. 11, 1931 

15-84 

Positive 

13-75 

Mar. 7, 1931 

Nichols 

0.5 

172 

— 

Aug. 26, 1931 

15-91 

Positive 

4-9C 

1 Jan. 14, 1930 

Nichols 

0.1 

175 

— 

July 8, 1930 

10-15 

Positive 

3-8? 

1 Sept. IS, 1929 

Nichols 

0.1 

266 

— 

June 11, 1930 

9-66 

Positive 

7-32 

1 Apr. 1, 1930 

Nichols 

0.2 

321 

— 

Feb. 16, 1931 

13-51 

Positive 

2-51 

. July 22, 1929 

Nichols 

0.2 

353 

— 

July 10, 1930 

10-17 

Positive 

3-8! 

i Sept. 18, 192? 

• Nichols 

0.1 

395 

— 

Nov. 18, 1930 

j 4-54 

Positive 


healed. As a rule, an average of 20 fevers was required, although 
frequently more in the first experiments. This was found to be due 
to the very rapid cooling of the infected tissues and especially the 
testes, when the animals were removed from the oscillator and placed 
on a table at room temperature in order to obtain the rectal tempera- 
ture. We (6) have previously demonstrated by the use of a thermo- 
couple that the temperature of the testes is from 1-2'C. lower than 
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Date of injection 

Sept. 18, 1929 
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that of the rectum. Recently using a similar method we studied the 
rapidity of defervescence in various parts of the body after removal 
of the rabbit from the short wave field. An example of the difference 
in the rates of cooling of the rectum and testes follows: In 25 minutes 
after discontinuing irradiation and removal to room temperature the 



fever of 6 hours. Lower curve, series of short unsustained fevers. 

rectal temperature dropped O.S°C., while that of the testes fell 3.0°C. 
It was likewise observed that the temperature of a chancre is lower by 
at least 1.0’C. than that of a sj-philoma embedded in the substance 
of the testes. The temperature gradients will be discussed in detail 
in another paper of this series, llierefore, the temperature in the 
syphilitic lesions remained at the high level of the rectal temperature 
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only while the animals were in the oscillator, which, as a rule, was not 
more than 2 hours in the case of the short multiple exposures. These 
findings may explain the failure to kill the spirochetes in Rabbit 4-99, 
despite the large number (55) of short treatments. This rabbit had 
very extensive chancres on both scrotal walls, practically the entire 
scrotum being involved. These chancres healed very slowly and 
much scar tissue remained after healing. It was difficult, for some 
unknown reason, to establish a fever in this rabbit and in many treat- 
ments the rectal temperature did not reach more than 40.5°C. In 
later experiments this condition was rectified by treating the animals 
in a room with a temperature of from 35-37°C. 

DISCUSSION 

The important observation in the treated series (Table III) is the 
fact that a fever at 41-41.5°C., sustained for 6 hours was as effective 
in injuring or destroying T. pallidum in the rabbit as was a series of 
from 20 to 30 short pyrexias. In the case of those animals exposed 
to short, repeated fevers, there was a total maximum of from 17 to 
70 hours in the high frequency field during which time their body 
temperature was elevated above normal. It is interesting to find 
that one treatment of 6 hours in the field is just as effective as the 
greater number of hours of irradiation from the many treatments. 
This was true, regardless of the size or tj-pe of lesion in the testes. Of 
course, complete healing of the sj'philitic lesion could not occur in 
the short inteiv'al of from 3 to 9 days after one sustained fever treat- 
ment, at which time the rabbit was sacrificed and extracts from the 
testes and Ijnnph nodes reinjected. Nevertheless, a complete change 
in the character of the lesion was noted in this period. The sj*philomas 
in the testes became softer and less extensive and the same was true 
of the indurated testes. The chancres showed evidence of rapid 
healing, were diy% decreased in size, became markedly umbilicated 
while the periphery' of the scabs was elevated and free from the tissue 
healing beneath them. 

We have included in Tables II and III the maximum temperature 
reached during the fever treatment, which in some cases was higher 
than we desired to produce. Although rectal temperatures were 
taken cvcr>' 15 minutes, it was difficult to avoid a sudden rapid eleva- 
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tion of temperature, especially on summer days when the treating room 
was warm and had a high humidity. Because of the lower tempera- 
ture level of the testes, it is evident that at no time, with the exception 
of Rabbit 4-97 that was killed by overheating, was the temperature 
of the testes above that of 41.5°, and in most instances for only a 
brief interval at this point. 

The dark-field examinations of extracts from the site of the lesions, 
or the testes after the lesions had disappeared in the case of the fever- 
treated group, were always negative. Occasionally suspicious bodies 
were observed, but we could not in any case see definite t}^ical motile 
spirochetes. The microscopic bodies seen may have been dead 
spirochetes. The histological sections of those lesions observed after 
staining with Levaditi’s method failed to reveal any spirochetes, 
although this is not as good evidence as the reinoculation test (see 
tables). 

The results are in accord with our earlier studies (6), in which we 
prevented lesions of experimental syphilis from developing by produc- 
ing in rabbits a series of about 20 short wave fevers, beginning from 
3 to 7 days after intratesticular injection of T. pallidtm. The data 
show that single fevers are just as effective in healing the lesions and 
in destroying the spirochete in the body of the host. It is evident 
from an accompanying paper (7) that the increased heat of the fever 
provides an unfavorable environment for the spirochetes that either 
destroys or injures them so that they lose their infectivity. We do 
not know whether in syphilis the elevated temperature also stimulates 
or activates those factors in the body that are concerned with its 
protection against infection. However, in studies on gonorrhea we 
have observed increased phagocytosis during artificially induced 
fever. This leads us to believe that such factors may play a prominent 
part in s}T5hilis, Two of tlie rabbits, Nos. 3-73 and 3-90, were allowed 
to live 214 and 171 days, respectively, after treatment. Since their 
testicular and nodal extracts failed to produce sj^Dhilis on injection 
into other rabbits, it seems plain that the spirochetes must have been 
killed and not injured only temporarily. 

The fertHit}’- of some of the rabbits was tested after treatment by 
breeding to normal females. Some of the males were sterile tempo- 
rarily, while normal litters were obtained in other cases. One male 
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failed to cause conception in a female known to be fertile when bred 
to normal males. The extent of the injury caused by the lesions of 
syphilis no doubt had much to do with the production of sterility. 
We have noted in untreated sj^hilitic males that an extensive lesion 
causing severe injury to both testes resulted in sterility. 

Some of the rabbits lost weight during the frequent heatings, but 
it was recovered rapidly after irradiation ceased. In general, we 
failed to see any injury to the general health of the rabbits, except in 
the case of Rabbit 4-97 which was overheated. 

The thermolability of T. pallidum is again emphasized. The find- 
ings suggest the practicality of fever therapy in the treatment of 
acute as well as chronic syphilis in man. 

SUMMARY AND CONCLUSION 

1. Multiple, unsustained fevers (41— 42“C.) produced by irradiation 
in a high frequenc}’’ electrostatic field (10,000 kilocycles) destroyed 
T. pallidum in rabbits ndth active syphilitic lesions as determined 
by the injection into normal rabbits of extracts prepared from their 
testes and popliteal lymph nodes. 

2. One febrile period of 6 hours at a temperature of 41.5-42°C. was 
likevdse found to be sufficient to destroy T. pallidu7U. 

3. Infection with T. pallidum persisted in a control series of un- 
treated rabbits for as long as 395 days after inoculation, but clinical 
healing occurred in from 3 to 4 months after injection. 

4. The time interval between inoculation and fever treatment, or 
between the end of the fever treatment and reinoculation, did not 
affect the results. 

5. The fever treatment was effective at an}- stage of experimental 
sj-philis in rabbits. 

We are grateful to Dr. W. R. Wffiitney, Director of Research, 
General Electric Company, for his advice and for many helpful 
suggestions in this work. 
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As the present paper will show, it has been possible to isolate an 
organism in pure culture from the blood of splenectomized rats suf- 
fering from Bartonella murk anemia. A severe anemia was produced 
by the injection of this organism into 3 week old rats, rabbits, guinea 
pigs and yoimg mice, all with intact spleens. The organism when 
injected into adult splenectomized Wistar Institute rats of non-carrier 
stock produced a mild anemia. During the height of the anemia 
occasional Bartonella bodies were found on the red cells. The strain 
of Bartonella murk was recovered in pure culture from these animals. 
The blood of the 3 week old rats and 3 week old rabbits, when in- 
jected into other immature animals of the same species, produced a 
transmissible infectious anemia. 

Noguchi (1) isolated two organisms from the blood of a splenectomized rat, 
both of which he believed resembled Bartonella muris in morphoIog\’. The first 
grew on Icptospira medium, but did not grow' on ordinarj' culture media. This 
was a diphtheroid and was non-pathogenic for normal rats. From the blood of 
the same animal another minute Gram-negative non-motile bacterium was iso- 
lated on a blood plate. This organism grew on blood agar, was hemolytic but 
did not produce acid in sugars. It caused an acute orchitis in normal rats when 
injected intratcsticularly. 

Battistini and Weiss (2) report the isolation of an organism of the Salmonella 
group from the blood of splenectomized wild rats of Lima. They mention no 
experimental data supporting their contention of an etiological relationship writh 
Bartonella muris anemia. They stress the similarity of the human Oroya fever 
to Bartonella muris anemia of the rat, and report unsuccessful attempts to transmit 
the rat anemia to monlxs-s, mice or guinea pigs with whole blood injections of 
anemic rats. 
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Lwoff and Vaucel (3) injected the blood of a dog which had been infected mth 
T. cruzi (from a rat) into mice with intact spleens. Bartonella bodies appeared 
on the red cells in the mice. The Bartonella infection was probably carried from 
the rat through the dog. The Bartonella infection was transferred from mouse to 
mouse by injections of whole blood for 28 passages. These investigators isolated 
an organism from one of these mice on Noguchi’s leptospira medium at 22-37°C. 
in 14 days and in N. N. N. medium (Nicolle, Noyj^, McNeal) in 10 days. The 
bacteria were both motile and non-motile, retained motility for 10 days and 
resembled morphologically Bartonella bacilliformis. In a mouse injected with 
6 drops of the culture Bartonella bodies were occasionally seen on the 5th and 7th 
da5’^s. 26 da}’'s later the mouse was injected with the blood of a mouse heavily 
infected with Bartonella innris and developed a severe infection. Two other mice 
were injected with the culture. One remained free of infection and the other 
showed occasional Bartonella bodies on the red cells on the 4th to 7 th day. The 
strain was carried through 3 subcultures in artificial media. It produced only a 
feeble infection and afforded no protection against subsequent infection. 

Methods 

The method of cultivation of Bartonella mnris was the same as tliat emploj'^ed 
by Noguchi for the isolation of Bartonella bacilliformis. The blood was withdrawn 
from the heart of an adult splenectomized rat at the height of the anemia in an 
equal volume of sterile isotonic sodium citrate solution. Dilutions of 1/10, 1/100, 
1/1000, 1/10,000 and 1/100,000 were made of this blood with citrate. 0.4 cc. of 
each dilution was inoculated into tubes of Noguchi’s leptospira medium at a pH 
of 7.4 and incubated at a temperature of 25°. Successful results were obtained 
in only tAVO of many instances attempted. Growth appeared Avithin 10 to 12 
daj"s as a fine cloud at the upper layer of the medium. By heavy seeding (0.2 cc.) 
the culture Avas transplanted to tubes of leptospira medium and after 2 transfers 
could be groAvn on blood agar slants. 

Morphology 

In the original culture there AA^ere scattered bacilli and coccobacilli 
with bent forms. They are fine rods varjdng from 0.4 to 3.2 micra 
in length and 0.2 to 0.4 micron in width Avith a predominance of short 
forms. On solid media the bacillary forms predominate and tend to 
clump AA'ith occasional thread formation. The sides of the bacilli 
are straight and the ends rounded. They are Gram-negati\m and very 
actiA'^ely motile' on both the solid and semisolid media. When rc- 
transplanted from the solid to the semisolid medium the shorter pleo- 

' .A.fter 4 months on artificial media the motility of the organisms markedly 
diminished. 
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morphic forms are predominant. After repeated subculture and animal 
passage the organisms are apt to be somewhat plumper than in the 
original cultures. Flagella are present. 

Cultural Characteristics 

Before animal passage the organism grew only in the presence of 
rabbit, horse or human blood which was added to hormone agar. 
This original strain has been grown on artificial media for 3 months and 
is still under observation. 

On blood agar minute colonies appear in 48 hours. These are at first barely 
visible, translucent and round. They graduallj’ increase in size and in a few days 
coalesce, forming a thin filmy tenacious growth on the surface of the medium. The 
color of older cultures is gra 3 ’ish with a tinge of 3 ’ellow. The blood in the medium 
is not hemob'zed. 10 per cent solutions of each of sixteen sugars were added to 
Hiss serum water containing 0.2 per cent hemoglobin solution. On the sugar 
media containing glucose, maltose, saccharose, mannite, lactose, mannose, X 3 'lose, 
arabinose, raflinose, galactose, dextrin, levulose, salicin, inosite, inulin or dulcite, 
neither gas nor acid was produced during a period of 10 da 3 ’s. Litmus milk is 
slightly coagxdated in 48 hours but no acid is formed. After animal passage the 
organism grew on glucose bouillon and ascitic agar without blood. In glucose 
bouillon the growth is limited to the upper la 3 ’er. The orgam'sras are actix’ely 
motile on liquid, semisolid and solid media. 

Cultures on solid media have a sweet odor, resembling canned pineapple. Old 
cultures, particularly on blood, have a faint herring odor. In h'quid media after 
10 da 3 's to 2 weeks a faint green pigmentation of the medium occurs. This pig- 
ment is insoluble in chloroform. 

The optimal temperature for growth is 25‘’C., though slight growth occurs at 
37°C. At room temperature the cultures in leptospira medium retain motilit 3 ’ 
and \iability for 38 da 3 's as determined b 3 ’ subculture. 

Bartonella muris is differentiated from other Gram-negative motile 
bacilli by its cultural and biological characteristics. 

Infection of 3 BTcI’ Old, 30 Cm. Rats svith Bartonella muris Cultures 

It has been demonstrated by Ford (4) and confirmed by the authors 
(5) tlrat 3 week old, 30 gra. rats and rabbits •with intact spleen -^till 
develop an anemia if injected with the blood of an anemic splenec- 
tomized rat. 

Fourteen 3 week old, 30 gm. rats received 0.5 cc. of a 48 hour growth on lepto- 
spim medium or washings from young cultures on blood agar slants, intraperi- 
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toneally. Within 24 hours the rats became severely anemic, the hemoglobin 
dropped to below 40 per cent and in many instances the red cells fell to below 
2,500,000 per c.mm. The anemia in the rats infected with the original culture 
was not as severe as that in the rats infected with subsequent subcultmres. In 
both cases the anemia continued from 3 to 5 days after which the animals recovered. 
Bartonella bodies were foimd occasionally on the red cells. They were never 
numerous. Blood cultures made 48 hours after the onset of the infection were 
positive for Bartonella vmris. Occasionally cultures of the liver and spleen were 


TABLE I 


3 week old rats injected with 0.5 cc. culture of Bartonella vmris (Strain 1-4°). 
(Sample protocol.) 


Rat 

Date 


Red cell 
count 

Hb 

(Dare) 

Bartonella bodies 

Blood culture 


1932 



l>cr cent 



K, 

Mar. 29 

Before injection 

5,500,000 

■Iftl 




“ 30 

After injection 

3,200,000 

■I 

Occasional B. 







mtris bodies 



“ 31 

a 


38 

U It 

Positive 







blood cul- 
ture 


Apr. 1 

« t( 






» 3 







« 4 






K: 

Mar. 29 

Before injection 


92 




» 30 

After injection 


45 

Occasional B. 







niuris bodies 



“ 31 

« U 

jKjUHjJU 

48 




Apr. 1 

« i( 


70 




“ 3 

tt <t 


75 




» 4 

« U 


85 




positive. The organism was reisolated from the blood of the animals 1 to 5 days 
after injection. Colonies appeared within 48 hours after inoculation of the me- 
dium, at 25°C. 

The culture reisolated from infected animals was pathogenic for 
other young rats in the same manner as the original culture. 

The blood of tlie infected rats was infectious for other 30 gm. rats 
and the anemia produced was transmitted to other animals in series 
by injection of whole blood. 
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Infection of Stickling Rabbits with Bartonella muris Cultures 

The susceptibility of the 3 week old rabbits with intact spleens (suck- 
ling) to Bartonella muris infection by the injection of whole blood of an 
anemic splenectomized rat as demonstrated by Ford (4) was likcYase 
utilized to test the pathogenicity of the organism isolated from the 
anemic rat {Bartonella muris). 

Three 3 week old rabbits received intravenously 0.5 and 1 cc. of a 3 mng culture 
of Bartonella muris on leptospira medium. A moderate anemia developed within 
2 to 3 days, and reached its height on the 5th day after injection. The hemoglo- 


TABLE n 

3 week old rabbit injected with 1 cc. culture Bartonella muris (24 hour slant) 
intravenous^. (Sample protocol.) 


Rab- 

bit 

No. 

Date 


Red cell 
count 

Hb 

(Dare) 

BartoneUa bodies 

Blood culture 






J>cr cent 



4 


8 

Before injection 

5,800,000 

80 


Negative 


« 

9 

After injection 

5,600,000 

75 




it 

10 

it 

it 

4,500,000 

68 




it 

11 

tt 

it 

4,000,000 

60 

B. muris bodies 









(occasional) 



it 

12 

it 

ti 

4,200,000 

62 




It 

13 

u 

it 

3,300,000 

60 


1 

i 

1 

1 

H 

14 

it 

it 

3,000,000 

50 

Occasional B. 

Positive cul- 








vjuris 

ture 


tt 

16 

tt 

it 

4,000,000 

60 




tt 

21 

it 

it 

7,000,000 

100 




bin dropped to 50 per cent and the red cell count to 3,000,000 per c.mm. Bar- 
tonella muris bodies were occasionally seen. On the 5th daj’^ the blood culture 
was positive for Bartonella muris (see Table II). 

Two adult rabbits injected repeatedly with large amounts of the culture intra- 
venouslj' showed no evidence of disease. 

Infection of 3 Week Old Guinea Pigs with Bartonella muris Cultures 

Three 3 week old guinea pigs and three adult guinea pigs w'ere injected intra- 
peritonealh’ with 0.5 cc. of a young culture of Bartonella muris on leptospira 
medium. The three j-oung animals became severely anemic within 24 hours. 
The adult animals remained unaffected. The anemia continued for 3 to 5 da 3 ’s 
with recover 3 ’ of the animals. The Bartonella bodies were found on the red cells, 
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very sparsely scattered.® The organism was recovered from the blood on the 2nd 
and 5th days of the anemia. In one instance (see Table III) the hemoglobin 


TABLE in 

3 week old guinea pig injected with 1 cc. culture Bartonella miiris. (Sample 
protocol.) 


Date 


Red cell 
count 

Hb 

( Dare) 

Bartonella bodies 

Blood culture 

1 

mz 

Mar. 29 
“ 29 

j Before injection 
Injected with I cc. 
culture 

4,900,000 

per cent 

80 



“ 30 

After injection 

2,500,000 

48 

Occasional B. 
muris body 


“ 31 

te u 

2,200,000 

1 

25 

(( IC 1 

Killed. Autops 
watery blood, 
congested sple 

Positive culture 
B. muris 
y: fatty liver, 
marked anemia, 
en 


TABLE IV 


7 week old mouse injected wth 0.3 cc. culture of Bartonella muris. (Sample 
protocol.) 


Date 


Red cell count 

Hb (Dare) 

Bartonella bodies 

Blood culture 

J932 



per cent 



May 27 

Before injection 

5,500,000 

120 



“ 28 

iVfter injection 

5,000,000 

no 



“ 29 


0 ,200 ,000 

no 



“ 30 

t( f( 

6,000,000 

105 



“ 31 

tf t( 

6,500,000 

105 

Occasional 


June 1 

{( (( 

3,100,000 

40 

t( 


“ 2 

<C « 

2,700,000 

29 

(( 

Positive 



(Killed) 




dropped to 25 per cent and the count to 2,200,000 per.c.mm. Autopsy of this 
anim.il (killed by heart puncture) revealed the pathological picture of Bartonella 


■ Rybinsky (6) obser%-cd bodies on the red blood cells of adult guinea pigs that 
ucrc previously repeatedly injected udth tiypan blue, and of guinea pigs infected 
with T. hrucei. He describes these as round and oval, staining a dark violet color 
wmh Giemsa and measuring 1 to 2 microns in size. He suggests the name of 
Jmr.ondla nlraintca for this t>T>c of Bartonella infection. 










The Production of Bartonella muris Anemia in Adult S pleneclomized Rats of Non-Carrier Stock (Wistar) Following Injections of Bar- 
tonella muris Cultures. Cultures Were Injected 2 Days after Splenectomy 
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imiris anemia with marked fatty changes in the liver, congested spleen and anemia 
of the organs. The blood had a water}'- consistenc 3 ^ 

This is the first instance to our knowledge of the production of 
Bartonella nmris anemia in the guinea pig. The strain recovered from 
the guinea pig was infectious for young rats. 

The organism is non-pathogenic for adult guinea pigs. 

Infection of Yoimg White Mice loith Bartonella muris Cultures 

The susceptibility of white mice for Bartonella muris infection has 
been reported by Adler (7) and by Lwoff and Vaucel (3). 

Four -white mice were injected intraperitoneally with 0.3 cc. of a Bartonella 
muris culture. In three instances occasional Bartonella bodies were seen on the 
red cells after a period of 3 to 6 days. They occurred primarily in the red cells. 
In one instance a severe anemia occurred on the 5th day following the injection 
of the culture. The count dropped to 2,700,000 red cells per c.mm. and the 
hemoglobin to 29 per cent. The culture of the blood was positive for Bartonella 
muris on the 6th day. 

Infection of Adult Wistar Splenectomizcd Rats of Non-Carrier Stock 
with Bartonella muris Culture 

The Wistar stock are non-carriers of Bartonella muris infection . The 
adult Wistar rat is markedly resistant to infection, though it may be 
infected by tlie injection of large amounts of blood of anemic splen- 
ectomized rats (8). The splenectomizcd adult Wistar rat is very 
susceptible to infection with Bartonella muris anemia (9). The rats 
used in the test recorded were of Wistar stock, transported from the 
Wistar Institute to the laboratory of the IMontefiore Hospital Country 
Sanatorium, 50 miles from the city, and bred there, out of all possible 
contact with infected stock. They were sent to our laboratory at the 
time of use and isolated. 

With the early cultures a definite anemia was not produced in 
splenectomizcd adult Wistar rats though the organism was recovered 
from tlie blood stream several days following the injection of the 
culture. After 10 subcultures and 1 animal passage, however, the 
organism produced a mild anemia in five of seven adult rats of the 
Wistar stock after an incubation period of 3 to 5 daj^s. 



J. MAEilORSTON-GOTTESMAN' AND DAVID PERLA 


773 


The hemoglobin dropped to 60 per cent and the red cells to 4,200,000 from 
8,500,000 per c.mm. (see Table V). The organism was recovered from the blooi 
The white cell coimt rose from 10,500 to 65,000. This marked leukoc>-tosis is 
characteristic of sp)ontaneous Bartonella muris anemia. Occasional Bartonella 
murls bodies were fomd in red cells. They were not foimd in all cases and were 
never niunerous. WTien large amounts of a culture were injected into Wistar 
unsplenectomized adult rats, they died within 24 hours of a severe toxemia. The 
organs showed some congestion. Adult unsplenectomized rats of carrier stock 
remain unaffected by injections of the organism. 

Serological Tests 

Agglutination tests tvith homologous sera of rabbits repeatedly 
injected ■nith 1 cc. of a heavy suspension of washings from blood agar 
slants proved negative. 

Two rabbits were injected intravenouslj' at 5 day intervals with 1 cc. of a heavy 
suspension of washings of cultures on blood agar. 5 days after the third injection 
the serum was tested against a suspension of living Bartonella muris. The sus- 
pension was obtained by repeatedly washing the bacteria obtained from blood agar 
slants. After four washings with distilled water the bacteria were resuspended in 
distilled water and utilized in agglutination tests. Negative results were obtained 
even in high concentration of the serum. Negative results were obtained with 
serum of infected rats and with serum of rats spontaneously infected with Bar- 
tonella muris. 

Complement fi-xation. tests were carried out using the bacterial sus- 
pension as antigen. 

One-quarter of the anticomplementaiy amount of the antigen was used in the 
test. The serum of carrier rats, of spontaneously infected splencctomized rats, 
of rats infected with Bartonella muris cultures, of Wistar non-carrier rats and of 
homologous rabbit serum were tested. Positive fi.xation of complement was 
obtained in homologous rabbit scrum and in anemic rats in verv’ low dilutions 
(1/-10), Similar results were obtained with antigen prepared by prolonged aque- 
ous extraction of bacterial suspensions in a Soxhlct apparatus. 

DISCUSSION 

Bartonella muris and Bartonella bacilUformis resemble each other 
much both morphologically and culturally. Xoguchi isolated Bar- 
tonella baeilliformis from the blood of a patient suffering with Oroya 
fever and reproduced the disease in monkeys (1). He established the 
identity of verruga peruana and Oroya fever b\- producing Oroya 



774 


ETIOLOGY OE BARTONELLA MURIS ANEMIA 


infection in a monkey with macerated material of a verruga nodule 
and reisolated Bartonella bacilliformis from the blood of the infected 
monkey (10, 11). In our experience Bartonella mnris is somewhat 
less delicate in appearance than Bartonella bacilliformis^ and stains 
more deeply. The growth on leptospira medium is (iefinitely more 
luxuriant and the growtli in subcultures appears in 48 hours, whereas 
Bartonella bacilliformis appears in 8 to 10 days. The growth on blood 
hormone agar during tlie first few days is similar to that of Bartonella 
bacilliformis but the mnris colonies soon coalesce and form a tenacious 
film. 

The similarity of Bartonella muris anemia in tlie rat and Oroya 
fever of human beings and the morphological and cultural character- 
istics of the two organisms suggest a close relationship between Bar- 
tonella mnris and Bartonella bacilliformis. Further work vdll be under- 
taken to determine the possible role of the rat in tlie epidemiology of 
Oroya fever and verruga peruana. 

SUMMARY 

1. Bartonella mnris has been isolated in pure culture on Noguclii’s 
leptospira medium from tlie blood of the splenectomized adult rat 
suffering with Bartonella mnris anemia. 

2. Bartonella mnris is a small, actively motile. Gram-negative 
bacillus. It grows best on media containing blood and on Noguchi’s 
leptospira medium. The optimal temperature for growth is 20-25°C. 
It produces neitlier gas nor acid on media containing sugars. It does 
not hemolyze blood in artificial media. Viability of the cultures in 
leptospira media was maintained for 36 days. 

3. With this culture a severe anemia was produced in rats weighing 
30 gm., with the occasional appearance of Bartonella mnris bodies on 
tlie red cells. The anemia occurred ndthin 24 hours, and lasted for 
3 to 5 days vdth recovery of the rat. Bartonella mnris was recovered 
in pure culture from the blood of these animals. The blood of these 
rats was infectious for other 30 gm. rats. 

4. 3 week old rabbits were infected vdth cultures of Bartonella muris, 
a severe anemia resulting after an incubation period of 48 hours. The 

’ We arc indebted to Dr. Peter Olitsky of The Rockefeller Institute for IMcdical 
Research for a culture of Bartonella bacUUJormis. 
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organism was recovered from the blood on the 5th day after injection. 
Bartonella vtiiris is non-pathogenic for adult rabbits. 

5. A severe anemia was produced in young guinea pigs with cultures 
of Bartonella inuris within 48 hours. The organism was recovered on 
the 2nd and 5th days after injection. Postmortem examination re- 
vealed changes in the organs similar to those found in splenectomized 
rats suffering with spontaneous Bartonella inuris anemia. 

6. The infection was reproduced in white mice. In one instance a 
severe anemia developed on the 5th and 6th days. The organism was 
recovered on the 6th day. 

7. The anemia was produced in splenectomized adult rats of non- 
carrier stock. The organism was recovered from the blood stream of 
these rats. A marked leukocytosis was noted (65,000) at the peak of 
the anemia as is foimd in the spontaneous disease in infected splen- 
ectomized adult rats. 

8. Serological tests have thus far failed to demonstrate the production 
of agglutinins, though complement-fixing antibodies are present in 
homologous sera in low dilutions. 
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Fig. 1. Bartonella muris growth in Icptospira medium. Gram stain. X 1200. 

Fig. 2. Bar;«:f7/a mum growth on blood hormone agar. Gram stain. X 1200. 
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STUDIES ON BARTONELLA MURIS ANEMIA /V;,. 

VI. A Lipoid Extract of the Spleen That Prevents Bar.tonella 
MURIS Anemia in Splenectomized Albino Rats 


Bv DAVID PERLA, M.D., aot J. MARMORSTON-GOTTESMAN, M.D. 

{From the Laioralory Division, Montefiore Hospital, Hew York) 

(Received for publication, July 9, 1932) 

In previous work (1), the authors have demonstrated that minute 
splenic autoplastic transplants made 7 weeks prior to splenectomy 
protect a large percentage of splenectomized rats against Bartonella 
inuris anemia. A comparative histological study of the transplants 
of protected and unprotected rats revealed a regeneration of the pulp 
cells in the protected rats, and an exhaustion destruction of the pulp in 
the unprotected rats. This supported the hypothesis that the reticu- 
lar and endothelial cells of the pulp of the spleen elaborate some inter- 
nal secretory substance having an influence to prevent Bartonella 
infection. Lauda and Flaum (2) found that rats joined by parabiosis 
are protected against Bartonella muris anemia if the spleen of only one 
animal is removed. From their experiments these investigators con- 
cluded that the protective action is due to a hormonal substance pro- 
duced in the spleen. 

Unsuccessful attempts have been made by numerous investigators to 
demonstrate some substance in the spleen which would replace this 
organ in protecting adult splenectomized rats against Bartonella inuris 
anemia. During the past 3 years we have made many attempts to 
obtain such an extract. Feeding raw or cooked spleen of ox, calf, 
pig, or rat had no effect on the course of the disease. Recently, how- 
ever, lipoid e.xtracts of the spleen have been prepared which possess 
the property of protecting splenectomized adult albino rats against 
Bartonella muris anemia in a large percentage of instances. 

Since the anemia is more severe in the male, only male rats were 
used in testing the extracts. In no instance among 440 male rats of 
carrier stock used for studies of Bartonella muris anemia during the 
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past 3 years, has the anemia failed to develop following splenectomy. 
Similar observations on the prevalence of the disease in the male have 
been made by Ederle and Kriech (3). It is plain that the spleen plays 
a specific role in the protective mechanism of the body to the infection. 
Rats of carrier stock are infected early in life, they recover, and remain 
carriers of the infection.^ Subsequent splenectomy is followed by a 
recurrence of the infection with the development of a severe anemia. 

Preparation of the Extract 

The method of extraction is the same as that used b)’- Hartman (10) in the 
preparation of the cortical suprarenal hormone. Ox spleens were obtained from 
freshl}”' killed animals, packed in ice, and immediately transported to the labor- 
ato^5^ 10 pounds of spleen were extracted at a time. 

The fat and as much of the capsule as possible is stripped off, and the pulp is 
ground in a meat grinder. The trimming and grinding is done by artificial light 
and the material kept cold. The ground material is placed in large round bottom 
flasks and 1.5 liters of peroxide-free ether is added for each kilo of spleen. The 
ether extraction is done in the dark in an atmosphere of COj, and the extraction is 
assisted by a rotary motion of 15 to 20 rotations per minute. More rapid agitation 
may result in emulsification. If possible the temperature of the room should be 
kept below 10-12°C. The flasks are shaken for a period of 3 hours, and allowed to 
stand overnight. The ether is decanted, and rapidly filtered through coarse 
filter paper. The ether extraction is repeated for a total of 3 extractions. The 
ether removed is evaporated at a temperature of 15°C. in var:uo. All the ether 
fractions are added together. It is best to evaporate the ether immediately after 
decanting and to add the new fractions to the residue. The residue of the etlier 
extraction is now extracted with 95 per cent alcohol. 100 cc. of 95 per cent alcohol 
is used for each kilo of spleen extracted. The alcohol is warmed to bO^C. for a 
period of 30 minutes, the flask being shaken every 10 or 15 minutes. The flask is 
slowly cooled to ice temperatiure and the alcohol extract decanted. The same 
quantity of alcohol is again added, and extraction repeated 4 times, to insure 
tliorough e.xtraction. 

The alcohol fractions are pooled, and chilled to — 10°C. for 2 hours in chopped 
ice to which CaCb has been added. This process causes the precipitation of large 
amounts of cerebrosidcs. The chilled material is then rapidly filtered in the ice 
box, and the filtrate is now a clear browmish yellow liquid. It is essential that 
filtration be done rapidly and in the cold. If the filtrate is not clear the chilling 
process should be repeated before proceeding. The spleen contains large amounts 
of inert lipoids and their removal is attended with difficulty. The alcohol filtrate 

^ See previous publications of the authors on this subject (4-8). For a review 
of the literature to 1930 see Lauda (9). 
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amounts of 0.5 cc. The injections were started 24 hours prior to splenectomy. 
Hemoglobin estimations with the Dare hemoglobinometer, red blood cell counts, 
and smears were made daily. A rat was considered completely protected if the 
blood count and hemoglobin did not show greater variation than is observed in 
normal rats, and Bartonella bodies were not found on the red cells. The animals 
were under observation for at least 1 month following splenectomy, to eliminate the 
possibility of a delay^ed appearance of the anemia.® All the rats were of Bartonella 
muris carrier stock, raised in the laboratory, and used for studies of this anemia 
during a period of several years. 


TABLE I 


The Protective Action of an Aqueous Lipoid Extract* of Spleen against Bartonella 
muris Anemia in Male Splencctomizcd Rats of Carrier Stock 


No. of rats j 

Age 

Completely 

protccledt 

Unprotected 


Treated 

8 

6-8 wks. 

3 

5 

f!CT cent 

37 

21 

3-5 mos. 

14 

7 

66 

Controls 

0.5 cc. saline twice 
daily 

40 

1 

3-5 mos. 

0 

40 

0 

Theelin 

(ovarian follicular 
hormone) 10 units 
per day 

12 

3-5 mos. 

0 

12 

0 


* The extract was administered twee daily intraperitoneally in amounts of 
0.5 cc. (1 cc. of the extract is equivalent to 100 gm. of spleen). 

t A rat was considered completely protected if the blood count and hemoglobin 
did not show greater daily variations than is found in normal rats, and if Bar- 
tonella bodies were not found in the red cells. 

In the first group of immature rats, complete protection against 
Bartonella muris infection and anemia was obtained in 3 out of 8 rats. 
In the second group of mature rats, 14 out of 21 rats were completely 
protected. Of 40 male splenectomized rats injected daily with physi- 
ological salt solution, all developed Barlonclla ?nuris anemia. As a 

~ In the control splenectomized untreated rats the anemia develops in most 
instances during the 1st week. 
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SUMMARY 

An aqueous lipoid extract of ox spleen was prepared which pro- 
tects adult male albino rats of carrier stock in a large percentage of 
instances against Bartonella mnris anemia following splenectomy. It 
is suggested that the extract contains a specific hormonal substance. 

We wish to thank Dr. David Marine for his suggestions and criticism 
throughout the course of this work. 
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STUDIES ON BARTONELLA MURIS ANEiMIA 

^TI. The Protective Action of Copper and Iron against Bar- 
tonella MURIS Anemia 

By DAVID PERLA, M.D., aot J. JIARMORSTON-GOTTESilAN, M.D. 

{From the Laboratory Division of Montejiore Hospital, New York) 

(Received for publication, JUI3' 9, 1932) 

The extensive experiments of Hart, Steenboch, and Elvehjem and 
their coworkers (1-5), Beard and Myers and their associates (6-11), 
and others have established the importance of copper in hemoglobin 
formation. Young rats fed on a diet of milk deficient in copper 
develop an anemia within 6 to 8 weeks which can readily be prevented 
by the administration of small quantities of copper in the diet. A 
minimal requisite of 0.025 mg. of elemental copper per rat per day was 
determined by these investigators. Since albino rats are subject to 
Bartonella muris infection spontaneously during the early weeks follow- 
ing weamng, it was thought that the milk anemia of the rat may be 
complicated by infection with Bartonella muris. The prophylactic 
effect of copper in the milk anemia of rats suggested its trial in Barto- 
nella muris anemia of splenectomized adult rats. 

The rats used in these experiments were all carriers of Bartonella muris. Thej' 
were of stock raised in our laboratorj' for many years and maintained under con- 
stant environmental and dictarj’ conditions. The diet for the past 10 3'ears has 
consisted of 15 gm. per rat per da3’ of a mixture composed of homin3’ 100 parts, 
rolled oats 25 parts, fine meat and bone 25 parts, dried skim-milk 16 parts, and 
salt IJ parts. Twice a week the rats received whole milk and bread ad lib. and 
greens (lettuce leaves). The exact copper content of this diet was difficult to 
estimate but the food mixture was found to contain about 0.025 mg. of elemental 
copper per 15 gm. of food. In the e.xpcrimcnts reported the copper was added in 
the form of copper sulfate in doses equiralent to 0.1 mg. of elemental copper per 
da3’. l.aclosc was used as a vehicle. The iron w.as added in the form of iron 
ammonium citrate in doses cquK-alcnt to 1 mg. of elemental iron per da3-. 

hollowing splenectomy, daily hemoglobin estimations and smears were made on 
all the rats and the red cell counts were made every other day. In determining 
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the protective action of copper and iron supplements to the normal diet, against 
Bartonella iituris anemia in splenectomized rats, it was necessary that the animals 
should be observed for a period of 1 month to exclude a dela 3 ''ed appearance of 
anemia following splenectomJ^ If the hemoglobin percentage and the red cell 
count did not fluctuate more than is usual in the normal rats and Barlondla bodies 
were not present or only sparsely found, it was considered that complete protection 
against the infection and the anemia was obtained. 

In the experiments reported both hnmature and mature rats were used. The 
experiments were divided into three groups. In the first group of experiments, the 
copper and iron supplements to the diet were given for a period of 2 days prior to 
and 1 month subsequent to splenectom 3 % In the second group, the copper and 
iron supplements to the diet were given during a period of 9 to 12 da 3 ^s prior to and 
1 month subsequent to splenectom 3 ^ In the third group, copper and iron supple- 
ments to the diet were given for a period of 2 months prior to and 1 month subse- 
quent to splenectom 3 ^ 

The Effect on Bartonella imiris Anemia of Copper and Iron Supplements 

to an Adequate Diet 

In the first group of experiments, 18 rats, 3 to 4 months old, were used. Four 
received daily supplements of iron in the form of iron ammonium citrate in amounts 
equivalent to 1 mg. of elemental iron per day, 8 received additions of copper as 
copper sulfate in amounts equivalent to 0.1 mg. of elemental copper per day, and 
6 received both copper and iron additions daily. The supplements were com- 
menced 2 da 3 's prior to splenectom 3 ’- and continued thereafter. 

All the animals developed severe Bartonella muris anemia. No pro- 
tective action of the copper and iron 3vas observed in this group. (See 
Table I.) 

In the second group of experiments, 46 rats were fed diets supplemented with 
copper, iron, or copper and iron during a period of 9 to 12 da 3 's prior to and 1 month 
subsequent to splenectom 3 % Thirt 3 '^ untreated splenectomized adult rats were 
used as controls during the same period. 

Of the treated rats, 20 received supplements of copper alone in amounts equiva- 
lent to 0.1 mg. of copper per da 3 ^^ Of these, 8 were immature rats, and 12 were 4 
montlis of age. Of the group of immature rats 3, or 37 per cent, w’^ere completely 
protected against Bartonella mtiris infection and failed to develop an 3 ’^ evidence of 
anemia following splencctom 3 \ Of the mature animals 9, or 75 per cent, were 
protected against the anemia. Fourteen rats received supplements of iron in the 
form of iron ammonium citrate in amounts of 1 mg. of iron per rat per day. Of 

^ It was found that intraperitoncal injections of copper as copper acetate in 
ph 3 ’siological salt solution are as effective as feeding the copper. 
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iese, 4 v?ere inunature rats and 10 mature rats. Of the young rats only 1 was pro- 
moted. Of the mature rats 5 were protected. (See Table I.) 

Twehe rats received both iron and copper supplements in the same amounts as 
ised in the previous experiments (0.1 mg. copper and 1 mg. iron per rat per day) 
luring 9 to 12 days prior to and 1 month subsequent to splenectomj'. Of 4 young 


TABLE I 


Effect on the Incidence of Bartonella muris Anemia Following Splenectomy of 
Additions of Copper and Iron to an Adequate Diet 
Summary of Experiments 


No. of rats 

Age 

Addltioa to diet 

Feeding 
comment^ 
prior to 
splenec- 
tomy 

Protected 

Unpro- 

tected 

Protected 




days 



ixr cent 

4 

3-4 mo3. 

Fe 

2 

0 

4 

0 

8 

3-4 mos. 

Cu 

2 

0 

8 

0 

6 

3-4 mos. 

Cu and Fe 

2 

0 

6 

0 

8 

9 wks. 

Cu 

9-12 

3 

5 

37 

12 

4 mos. 

Cu 

9-12 

9 

3 

75 

4 

9 wlis. 

Fe 

9-12 

1 

3 

25 


4 mos. 

Fe 

9-12 

5 

5 

50 


9 wks. 

Cu and Fe 

9-12 

4 

0 

100 

8 

4 mos. 

Cu and Fe 

9-12 

6 

2 

75 

10 

9 wks. 

Control 

— 

0 

10 

0 

20 

3-5 mos. 

Control 

— 

0 

20 

0 

11 

4 mos. (at time of 

Cu 

60-80 


4 

63 


operation) 






8 

4 mos. (at time of 

Fe 

60-80 


6 

25 


operation) 



mm 



8 

4 mos. (at time of 

Cu and Fe 

60-80 


5 

36 


operation) 



H 




rats treated, all were protected. Of the 8 mature rats, 0, or 75 per cent, were com- 
pletely protected against the Bartonella infection and did not develop any anemia. 

Of the 30 control splcnectomizcd adult rats obscia-cd in the same period, all 
developed a severe anemia. 

iTom these e.\-periments (see Table I) it is evident that copper 
and iron protect a large percentage of rats against the Bartonella 
infection following splenectomy if the copper and iron supplements are 
given during a period of approximately 10 days prior to splenectomy 
and continued tlicrcaftcr. Copper is definitely more efiective than 
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It is of considerable interest that in two instances the rats fed copper alone for 2 
months developed a slight anemia several days prior to splenectomy. At opera- 
tion the percentage weight of the spleen to body weight of the rat (0.9 per cent) was 
considerably greater than the average for this age period (0.27 per cent). Follow- 
ing removal of the spleen the anemia cleared up and the rat remained free of infec- 
tion during the period of observation of 1 month. The large amount of copper may 
have resulted in injury to the pulp cells of the spleen. This was manifested by a 
recurrence of the Barlondla muris infection. That the removal of the spleen in 
these cases resulted in a lessening of the infection and disappearance of the anemia 
is a unique experience in our observations of Bartonella muris anemia. The fact 
that rats fed diets supplemented with iron, or copper and iron for a period of 2 
months prior to splenectomy were not protected was probably the result of cellular 
injury resulting from excess storage of the metals — primarilj' the iron. The liver 
and spleen were found heavily laden with iron pigment. The total quantitj’ of 
copper salt received by the treated rats to the day of splenectomy was equivalent to 
6 to 8 mg. of elemental copper per rat and of iron salt, 60 to 80 mg. of elemental 
iron per rat. 

Cannon and McClelland (13), Haendel and Haagen (14), Friedberg (15), Rosen- 
thal and Zohmann (16), and Judenik (17) observed that repeated injections of 
suspensions of India ink or other inert colloidal substances may be followed either 
by spontaneous Bartonella muris anemia in the rat with intact spleen or by an in- 
creased susceptibility to the injection of blood of an anemic splenectomized rat 
(superinfection). They attribute this depression in the acquired resistance to 
Bartonella muris infection to the cellular injury resulting from blocking of the 
reticulo-endothclial sj"stem. The effect obtained is similar to that which follows 
splenectom}’. 

DISCUSSION 

The effect of the addition of small amounts of copper to an adequate 
normal diet during a period of a little more than a week to prevent 
Bartonella vntris anemia in albino rats of carrier stock is of importance 
in relation to the physiologic utilization of copper in the bod\'. 
The need for small amounts of copper in the production of hemoglobin 
has been demonstrated by work already referred to. Copper is essen- 
tial as a catalytic o.udative agent in the formation of hemoglobin. 
From the present work it would seem to be an important substance in 
the maintenance of resistance to Barlondla muris anemia. The Bar- 
tonella infection occurs spontaneously in rats of carrier stock between 
the 5th and 7Ui weeks.^ It remains latent but the acquired resistance 

■ McCarrison and Singh (IS) recenUy observed Bartonella muris bodies on the red 
cells in new-bom rats of normal mothers during the first 4 days of life in alwut 20 
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It is possible that copper exerts its effect by influencing the oxidative 
processes involved in cellular activity'* and in this way affects the 
resistance of the cell to toxic substances. 

The literature on the relation of the spleen to iron metabolism is 
exhaustively and critically reviewed by Lauda (22). He states that 
the experimental evidence reported, is inconclusive in demonstrating 
any relationship between the physiology of the spleen, and either the 
storage or utilization of iron. The relation of copper to the spleen may 
be somewhat analogous to the relation of calcium to the parathyroid 
gland. The small amount of copper in the normal diet of the rat is 
insuffident for the needs of the rat in the absence of the splenic hor- 
mone. An excess of the metallic element in the diet may compensate 
for a deficiency of the hormone. Further, the copper, administered 
as an inorganic salt cannot be utilized at once but must be converted 
into a form that is utilizable by the body in the mechanism of resist- 
ance to Bartonella muris anemia. 

Cunningham (23), in a careful study of the relative amounts of 
copper in various animal and plant tissues, found that the rat has less 
copper in its organs than any other animal studied. The copper 
ingested is stored primarilj’’ in the liver (21). Corper (24) found very 
little copper stored in any other organ than the liver, and only traces 
were recovered from the spleen. The liver of the rat contains l/20th 
to l/30th the percentage weight of copper found in the liver of the 
rabbit, the guinea pig, the sheep, or the ox (21). This is probably a 
result of great differences in the copper content of the food of these 
animals. The fodder of the guinea pig and the rabbit contains large 
amounts of green vegetables very rich in copper (22). It may be that 
the resistance of the adult guinea pig and the rabbit to Bartonella muris 
infection, which exists whether the spleen is present or not (25), is 
dependent on the high copper content of the diet. This would e.\-plain 
the susceptibility of the suckling young of these species, in which 
copper is as yet not stored in significant amounts (25). 

These studies suggest a possible importance of dietary copper and of 
iron in relation to resistance to infectious anemias in human bemgs. 

* Tlic influence of copper on oxidative processes has been dcunonstrated bv 
Vocpllin (21) in the case of glutathione. Glutathione combined with coppe'r 
oxidi.-ed 1000 per cent more rapidly than glutathione not prepared in this wav 
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We plan to investigate the relation of dietary copper to various types of 
infection. 

There is considerable literature on the administration of copper salts in the 
treatment of infectious diseases, but most of it is difficult to evaluate, and the 
reports are contradictory or the experiments poorly controlled. Good results 
have been reported from its use in oidiQm3’^cosis, actinomycosis, and sporotrichosis 
by Bevan (26). Its use in tuberculosis therapeuticall}'', both experimentally and 
in patients, receives some support from the work of von Linden (27), Meissen (28), and 
Straus (29) but as Corper points out, their work is inadequately controlled. Corper 
could find no evidence of a therapeutic action of copper in experimental tubercu- 
losis in guinea pigs, but he was not essentially concerned with the physiological 
role of copper in the mechanism of resistance. The animals employed in his experi- 
ments (guinea pigs and rabbits) have large stores of copper as result of a diet 
naturally rich in copper. An excess of copper added to their diet might well have 
a detrimental effect on cellular physiology. A relative paucity of copper in the 
diet, as normally occurs in the care of the rat, may, in the absence of a splenic 
hormone influencing infection, result in a diminution of resistance to certain types 
thereof. Additions of copper to the diet of these rats may raise their resistance. 
It does not follow, however, that an excess of copper added to a diet containing 
foods naturally rich in copper would necessarily increase the resistance of the host. 

SUMMARY 

The effect on Bartonella imtris anemia of adding copper or iron or 
both to an adequate diet was studied. 

The addition to the diet of copper (0.1 mg. per rat per day), or iron 
(1 mg. per day), or both during a period of 2 days prior to splenectomy 
and 1 month subsequent thereto failed to protect adult albino rats 
against Barlonella imiris anemia. 

The addition of copper to an adequate diet for a period of 10 days 
prior to splenectomy and 1 month subsequent thereto protected 75 per 
cent of the rats against the anemia. 

The addition of iron (1 mg. per rat per day) for a period of 10 days 
prior to and 1 month subsequent to splenectomy protected 50 per cent 
of the rats against this anemia. 

The addition of both copper and iron for a period of 10 days prior to 
and 1 month subsequent to splenectomy protected 75 per cent of these 
rats against Bartonella imiris anemia. 

The addition of copper alone for a period of 2 months prior to and 
1 month subsequent to splenectomy protected 63 per cent of the rats 
against Bartonella inuris anemia. 
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The addition of iron, or of both copper and iron during a period of 2 
months prior to splenectomy and 1 month subsequent thereto pro- 
tected about one-third of the rats against Barimella miiris anemia. 

CONCLUSIONS 

Copper plays a role in the mechanism of resistance to Barlcnella 
inuris anemia in the rat. The small amount of the element in the 
ordinary diet of the rat is insufficient to protect the animal after 
splenectomy. An excess of copper, however, may give protection in 
the absence of the spleen. Its utilization would seem to be intimately 
associated with splenic function. 

We vdsh to express our appreciation to Dr. David Marine for his 
advice and criticisms during the course of the work. 
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This paper deals with a tumor-like condition in a wild cottontail 
rabbit (genus Sylvilagus) and its experimental transmission to domestic 
rabbits (genus Oryclolagus) . The term “tumor” is used in its broadest 
sense to indicate a local swelling consisting of a mass of new tissue. 

Description of (he Original Material 

Three prominent subcutaneous tumors were observed in a wild cottontail rabbit 
shot in Nov., 1931. The animal was taken immediately to the laboratory and 
autopsied. Two of the tumors, on the inner and upper aspect of the left hind 
foot, were egg-shaped and approximately 1.5 x 2 cm. in diameter. The other, 
which was somewhat larger, was on the left fore leg just below the shoulder. 
There v.’ere no overljdng surface abrasions and, although the tumors seemed to be 
fumly attached to the skin, they were freely mo\able over the underljing solid 
skeletal structures. 

On section each of the tumors aas found to be white, firm, moist, and free from 
c\’ident necrotic areas. They cut as though hbrous, the cut surface bulged, and 
the general appearance was that of a fibroma. There was nothing of significance 
found in the remainder of the autopsy. The condition of the animal appeared 
good, it was not in the least emaciated, and there were no c\'idenccs of metastases 
in the regional l\-mph nodes or the organs. 

Pieces of each of the tumors were removed ascptically to use in inoculating 
laboratory rabbits and lire remainder was stored in SO per cent glycerol or put in 
fixative for histological study. 

Histologically the three tumors seemed to be identical. 

The main mass was composed of connective tissue cells; many of these resembled 
fibroblasts and were spindle or polygonal in shape w’th abundant cj'toplasm and 
karge round or oral nuclei, ^fost of the cells, however, were of the small thin 
connective tissue t\i>e with scant cr’toplasm and thin spindle-shaped nuclei (Fig. 
1). Mitotic figures were scarce. Tlie arrangement of the cells was rather compact 
and irregular; in general the long axes were pcrjrendicul.ar to the base of the tumor. 
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Intercellular fibrils were quite abundant and largely collagenous in character. 
The blood supply was good and consisted of small vessels whose walls were usually 
of only endothelium thickness. Some of these vessels were densely cuffed by 
tymphocytes and plasma cells. Inflammatory cells were not numerous in the 
tumor substance and consisted largely of eosinophiles and lymphocytes. The 
base of the tumor, however, was composed of a mass of l 3 TOphocytes so densely 
packed that it almost resembled tymphoid tissue. 

The thickened epithelium overtying the tumor presented a histological picture 
strikingly similar to that seen in molluscum contagiosum in man. Great bulbous 
masses of epithelial cells projected down from the epidermis into the substance of 
the tumor (Fig. 1). Many of the cells of both the overlying epidermis and the 
bulbous downward projections were greatly enlarged, the nuclei were pale and 
vesicular and the cytoplasm was vacuolated and distended by a granular eosino- 
philic mass in which frequently lay a more definite, discrete, round, eosinophilic 
inclusion. Such vacuolated and inclusion-containing cells were numerous. 

The histological picture of these wild rabbit tumors resembled 
that of a spindle cell fibroma; it was atypical, however, in that the bases 
were densely infiltrated with lymphocytes, there was a perivascular 
round cell cuffing of some of the nutrient blood vessels, and the over- 
lying epidermis showed a peculiar type of hyperplasia and degeneration. 

Experimental T ransmission 

No difficulty was encountered in transmitting the condition to 
domestic rabbits by pushing small bits of the original wild rabbit 
tumors under the skin with a trocar. However, the tumor could only 
be maintained in serial passage through domestic rabbits when young, 
actively growing tumors were used as a source of material for transfer 
and when, on the basis of the experience of Brown and Pearce (1), the 
testicle was used as the site for inoculation. It was found not only 
that tumors developed more readily there than in the subcutaneous 
tissue, but also that such tumors provided a better source of infectious 
material for maintaining the condition in serial passage. 

The tumor-like condition has been transmitted, thus far, only to 
laboratory and wild cottontail rabbits. Guinea pigs, white rats, white 
mice, and chickens have resisted infection by the methods used. 

Methods 

The clinical picture exhibited by rabbits in which the tumor has 
been e.xperimentally produced became constant only after the third 
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serial passage when a satisfactory technique, as described below, had 
been developed. 

As a source of infectious material, tumor-bearing testicle was used alone or mixed 
with subcutaneous tumor. These tissues were minced finely with scissors, then 
ground with sterile sand, and finally combined with ph 3 -siological saline to make 
an approximately 5 per cent suspension. After this suspension had been allowed to 
stand undisturbed for 5 to 10 minutes, the supernatant fluid was decanted and 
used in making inoculations. WTiile the etiological agent persists in the tumors 
for relatively long periods of time, the most satisfactorj' results were obtained by 
using 6 to 9 day old tumors in preparing the suspensions. 

This suspension was introduced subcutaneouslj’ in dosages of 1 to 2 cc., or intra- 
testicularly in dosages of 0.2 to 1 cc. Usually only one testicle was inoculated, 
lea^^ng the other for comparison. 

Routes of Infection 

WTien a fully infectious suspension was employed, local tumor for- 
mation regularly resulted from inoculation into one or both testicles 
or subcutaneously in any portion of the body. 

^\Tien introduced intramuscularly the tumor-inducing agent gave 
positive results in only about one-third of the cases. These variable 
results were probably dependent upon whether the injection lodged 
directly in a muscle bundle or in connective tissue fasciae between 
muscle bundles. In the former case no tumor was formed while in 
the latter a large fibrous tumor infiltrating the surrounding muscle 
resulted. 

When an infectious suspension was injected intracutaneously or 
was rubbed on the scarified skin the results were not constant; usually 
on the 4th day the epidermis became thickened, elevated, and hx-per- 
emic, and minute vesicle formation sometimes occurred. Slight 
thickening of the underlying subcutaneous tissue was seen in some 
cases. The condition disappeared after 3 or 4 daxs, usually leax-ing 
a thin, loosely adherent scab. 

Inoculation intrax’cnously, ex'cn xx-hen rather coarse suspensions and 
large dosages xvcrc employed, xx'as xxithout effect, e.x-ccpt for the regular 
formation of a small nodule in the subcutaneous tissue of the ear at 
the point xvhcrc the needle xx-as inserted. Likexxdse, inoculation in- 
trapcritoncally xvith large dosages of demonstrably infectious material 
resulted in no evidence of tumor formation in the peritoneum or 
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elsewhere. Intracerebral inoculation has been negative in the few 
animals used. 

Evidence that the condition is not contagious is offered by the fact 
that normal rabbits placed in the same pens with tumor-bearing 
rabbits remained free of tumor and were subsequently, after prolonged 
contact, still susceptible to infection by inoculation. Furthermore, a 
doe bred to a buck carrying a large tumor in one testicle developed 
no tumor and gave birth to a normal litter. 

Evidences of a generalized disturbance as indicated by loss of 
appetite or fever were absent. Rabbits bearing large tumors some- 
times showed a slight loss in weight which was promptly regained as 
the tumors regressed. Most of the animals were killed while stiU 
carrying large tumors, but among the 30 whose tumors were allowed 
to regress there was no evidence of illness at any time and no deaths. 

Clinical Picture and Pathology of Experimental Disease 

Subcutaneous Inoculation . — ^In a rabbit inoculated subcutaneously the tissue 
in the region of inoculation was definitely thickened by the 3rd to the 5tli day. 
The following day the thickening was more marked and its borders were more 
sharpl}’- circumscribed so that it began taking on the gross appearance of a tumor. 
From this point on to the 10th or 12th day after inoculation, increase in size was 
progressive and rapid. Early in its growth the tumor felt soft and rubber}’’ and 
small firmer nodules could be palpated in its substance. As it increased in size, 
it became more solid and developed into a ver}’’ firm, well circumscribed, usually 
lobulated tumor with a tense, sometimes glistening, overlying epithelium (Fig. 2). 
Usually it was freely movable over the underl}ang skeletal structures and seemed 
well encapsulated. The eventual size of the tumor varied somewhat depending 
apparently on such factors as size of dose administered, amount of the inciting 
agent present in the infectious suspension, age of the tumor used in preparing the 
suspension, and factors relating to the inoculated rabbit itself. However, a 
tumor 4x6 cm. and 1.5 to 2 cm. in thickness was average. The tumor developed 
by deepening and filling up the original area of subcutaneous thickening with very 
little increase in the lateral diameters. "WTien more than one subcutaneous site 
in a rabbit was inoculated simultaneously, each area developed a tumor which 
seemed to be uninfluenced by the presence of the others. 

Examined when at its ma.ximum size on from the 10th to the 12th day after 
inoculation, the cut surface of a subcutaneous tumor was white or pinkish white 
and bulged slightly (Fig. 3). It was moist but not edematous. Pieces of tumor 
were difllcult to grasp with forceps because of their firm rubbery consistency. On 
section some tumors e.xhibited two distinct layers of appro.ximatel}' the same 
thickness held together by a thin layer of rather loose areolar tissue. The upper 
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layer vyas continuous wnth the overhung epidermis while the lower was morable 
both over the underljnng muscle and in relation to the upper layer of the tumor. 
Sometimes pea-sized or larger nodules of the same firm consistency- were a part of 
these layers of new tissue. Other subcutaneous tumors failed to exhibit a two- 
layer appearance on cut section and-instead were composed of one solid mass of 
glistening white tissue or groups of closely packed nodules of the same general 
appearance. 

After reaching a maximum size on the 10th to the 12th d^y, the course of a 
subcutaneous tumor was variable. Occasionally it persisted u-ith no apparent 
change in size or consistency for periods ranging from 10 to 15 days, but usually, 
after 2 or 3 daj-s, a rapid regression took place. If the tumor had reached a size 
great enough to cause an ischemia of the overh-ing epithelium with consequent 
gangrene, regression was more rapid and accomplished partly by sloughing of 
the gangrenous epithelium and its underljing tumor tissue. All subcutaneous 
tumors observed in laboratory rabbits have eventually completely regressed when 
the animals have been permitted to live long enough; in most cases regression has 
been complete within 35 daj-s after inoculation. 

Histologically a 10 day subcutaneous trunor was found to be composed largely 
of connective tissue cells. These were spindle or polygonal in shape and resembled 
fibroblasts rather than coimective tissue cells. WTiile they were \ariable in size, 
most of them were rather large. Their nuclei were round or oral, usually contain- 
ing clumps of deeply staining chromatin and they possessed an imusual amoimt of 
cj'toplasm. Mitotic figures were present but not numerous. Occasionally groups 
of as many as five or six cells whose protoplasm appeared to be continuous were 
encountered. Intercellular fibrils were abundant and largely collagenous in 
character. Although the arrangement of the cells was usually loose, some degree 
of stratification was to be observed. In the lowest layer the long axes of the cells 
tended to be perpendicular to the base of the tumor and parallel with the nutrient 
blood vessels. In the layer above, the cells were much more compactly arranged 
with their long axes generally horizontal. This dense layer was sometimes divided 
in two by a narrow strip of loose areolar tissue. The upper layer was loosely filled 
and less definitely arranged than the lowest. In all layers the arrangement was 
broken by areas of cells which formed whorl-like or otheraise irregular patterns. 
Scattered among the cells composing the mass of the tumor were small numbers of 
wandering cells, largely eosinophilcs and l>-mphocj-tcs. At the c-ttreme base of 
the tumor the h-mphocj-tic infiltration was sometimes marked while Just beneath 
the overlWng epithelium were large numbers of eosinophilic and neutrophilic 
Icucocj-tcs. The epithelium did not show the peculiar degenerative changes seen 
in the original tumor. It was, however, frequently edematous and sometimes 
showed vesicle formation. The blood supply to the tumor was good and composed 
largely of small vessels whose walls were usually of only endothelium thickness 
In some sections fibroblasts were arranged loosely alxmt blood vessels in such a 
way as to suggest that they originated from cells in the ^ascul 3 ^ wall. 
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In tumors younger than that just described the fibroblastic structure was more 
loose, the arrangement of the cells more irregular, and mitotic figures were more 
numerous. In older tumors that were regressing, there was a general, quite marked 
l 5 miphocytic and leucoc}'tic infiltration, the connective tissue cells stained more 
faintly and tended to shorten and become round, and the nutrient blood vessels, 
in many instances, were tightly cuffed with round cells. Small areas of necrosis 
were also to be seen. 

When intramuscular inoculation w'as successful, large fibrous new growths 
similar in gross and histological appearance to subcutaneous tumors developed 
at the site of inoculation, infiltrating the surrounding muscle (Fig. 4). 

. Iniraicsticular Inocidalion . — Rabbits inoculated intratesticularly with a tumor- 
produdng suspension, like those inoculated subcutaneously, showed the first 
effect on the 3rd to the 5th da 3 ^ At this time the inoculated testicle was slightly 
larger and more firm than the normal one, and it continued to increase progressively 
and rapidly in size and to become more firm. In contrast to the subcutaneous 
tumor, the testicular tumor continued its growth after the 10th da}"-, not reaching 
its maximum size until about 20 daj's after inoculation. Growth became slower, 
however, after the 10th day. By the 15th to the 20th day, the inoculated testicle 
seemed to be from 3 to 5 times as large as the uninoculated one w’hen palpated 
through the scrotum. It was fiurm, almost hard; and often definite, hard, shottj’’, 
projecting nodules could be felt, especially at the upper pole in the region of the 
epididjmais. The scrotum and tunic usually were thickened and edematous 
and sometimes hard pea-sized, round nodules could be palpated. Not infrequently 
the inoculated testicle ascended into the abdomen soon after it began its rapid 
increase in size and remained there. 

The typical testicular tumor, 15 to 20 days after inoculation, was found at 
autopsy to be irregularly lobular in form and 7 to 8 cm. in length and 2 to 3 cm. 
in its greatest diameter. If it had remained in the scrotum, the tunic, testicle, 
and scrotum were usually loosely adherent to one another. There were small 
hard white nodular tumors in the overlying tunic and in the scrotum in addition 
to the e.xtensive involvement of the testicle. The latter, when removed from the 
tunic, w'as foimd to be mottled purplish w'hite in color, coarsely lobulated, and firm 
to the touch. The region of the epididjunis and cord and almost the entire testicle 
■were composed of what appeared in the gross to be tumor tissue (Fig. 5). 

The cut surface of a testicular tumor was similar in appearance to that of a 
subcutaneous tumor, already described, except that it contained more areas of 
coagulation necrosis or hemorrhage (Fig. 5). It was white or pinkish white, of 
a firm rubberj" consistency, and appeared to be composed of closel}' packed and 
more or less continuous lobulated nodules of varjdng sizes. 

The testicular tumor persisted at its maximum size longer than did the subcu- 
taneous tumor. Large hard nodular testicular tumors ■were still present 40 days 
after inoculation, and rabbits autopsied even 2 months after inoculation usually 
exhibited hard nodular tumors of various sizes on atrophic testicles or in the tunics. 
Regression, however, could finally be complete, although it was usually accom- 
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panied by atrophy or marked fibrosis of the involved testicle. Regression was 
more rapid in cases in which, because of edema or the unusually large size of the 
tumor, an ischemia of a portion of the overlying scrotum had resulted in a dr}' 
gangrene. 

Histologically the general types of cells found in testicular tumors were those 
already described for the subcutaneous tumor. Their arrangement, however, 
was much more compact and irregular. They formed wide whorls between the 
seminal tubules, which in most cases had undergone a coagulation necrosis (Fig. 
6). In other places they formed more loosely arranged nodules in which were 
fibroblasts of all sizes and shapes (Fig. 7). Mtotic figures and multinucleated cell 
masses were more munerous than in the subcutaneous tumors (Fig. 8). Especially 
to be noted were the masses of young connective tissue cells radiating from blood 
vessels and forming nodules about them (Fig. 9). Although the blood supply to 
the testicular tumors was good, it was difiicult to find sections without focal areas 
of necrosis which involved tumor tissue as well as normal structures. This focal 
necrosis was seen much less frequently in tumors involving only the epidid}Tnis 
and cord. As in subcutaneous tumors, intercellular fibrils, largely collagenous in 
character, were fairly abundant, small numbers of lymphocytes and eosinophiles 
were seen, and, near large areas of necrosis, many leucocy'tes. It cannot be stated 
definitely whether or not the interstitial cells of Leydig entered into the tumor 
formation. 

The nodular tumors of the tunic presented a peculiar histological picture. In 
contrast to their firmness on palpation their cells were of extremely loose and 
irregular arrangement. They were composed largely of fibroblastic cells of 
moderately compact arrangement at the margins but veiy loose and widespread 
in the center. The margins were also frequently densely infiltrated with 
l}Tnphocytcs. 

In testicular tumors younger than those just described the fibroblastic invasion 
of the interlubular spaces was not so extreme, the cells were more irregular and 
less compact in their arrangement, and more mitotic figures were present. In the 
gross, testicles bearing younger tumors were purplish red in color, swollen, in- 
jected, more edematous and less nodular and less lobulated than those in which 
the tumor had reached its maximum size. In regressing testicular tumors as in re- 
gressing subcutaneous tumors, there was a generalized and extreme l}Tnphoc}-tic 
infiltration, the connective tissue cells stained more faintly and tended to become 
rounded, and the nutrient blood vessels were lightly cuffed by l\-mphoc}-tes. 

The possibility that the fibroblastic reaction might be secondarj' to 
a prcliminarj' necrosis caused by some agent in the infectious suspen- 
sions was eliminated by study of tumors in all stages of development. 
The first recognizable alteration was hvpcrplasia of connective tissue 
and it was never preceded by necrosis. Necrosis, when it did occur 
came after the first fibroblastic reaction and appeared to be the result 
of pressure due to the encroachment of mpidly growing connective 
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tissue. It was thus the result and not the cause of the fibroblastic 
proliferation. 

Metastases in the neighboring lymph nodes or elsewhere in the body 
have not been observed in animals inoculated by any route. Occa- 
sionally there was an enlargement of the regional lymph nodes draining 
the area of tumor. Histological preparations of such lymph nodes 
showed no increased number of connective tissue cells but did show 
many cells which appeared to be endothelial leucocytes. 

Experimental Infection of the Wild Cottontail Rabbit 

It has been possible to infect wild cottontail rabbits with the tumor- 
producing agent that had been passed through a series of laboratory 
rabbits. The resulting tumors differed in a number of respects, 
however, from those produced experimentally in laboratory rabbits. 
One experiment, typical of three that have been conducted, wdll be 
outlined here to indicate the differing reactions of wild and domestic 
rabbits to the tumor-producing agent. 

Both a wild rabbit and a laboratorj’^ rabbit as control were inoculated subcutane- 
ously with 1 cc. of infectious tumor suspension from a laboratory rabbit of the 
eighth serial passage. By the 6th da}'' the control had a firm swelling at the site 
of inoculation measuring 4 x 7 x 1.5 cm. while the wild rabbit had only a pea-sized 
nodule. On the 10th day the control’s tumor reached its greatest size, measuring 
5.5 X 8 X 2.5 cm., whereas the nodule on the wild rabbit showed onl}' a slight increase 
in size. The tumor in the control rabbit regressed more slowly than normally 
and by the 17th day still measured 6 x 5 x 2.5 cm. and was very firm. The tumor 
in the wild rabbit at this time was 6 x 4.5 x 1.5 cm. in size, and it reached its 
maximum size, 7x5x2 cm., on the 39th day, B}' this time the control rabbit’s 
tumor had almost completely regressed. On the 77th day after inoculation the 
wdld rabbit was still carrjdng intact a subcutaneous tumor measuring 6 x 4 x 1.5 
cm. Autopsy at this time revealed a tumor identical in gross and histological 
appearance with those of the original wild rabbit, even to the molluscum contagio- 
sum-like clianges in the overlying epidermis. There were no metastases and the 
animal had shown no general sj-mptoms during the period it was under observation. 

DISCUSSION 

The tumors of the original wdld rabbit had the general gross and histo- 
logical appearance of a benign fibroma but w'ere atypical microscopi- 
cally in that some of the nutrient blood vessels were cuffed with round 
cells, there was a heavy lymphocytic infiltration of the bases of the 
tumors, and the overlying epidermis show’ed degenerative changes 
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similar to those seen in molluscum contagiosum. Testicular or sub- 
cutaneous tumors produced experimentally in laborator>^ rabbits 
exhibited a histological picture that was even more suggestive of 
fibroma, as distinct from granuloma, than was that of the original 
tiunors. In experimentally produced tumors in laboratory’- rabbits 
the peculiar degenerative changes seen in the epidermis overlydng the 
tumors in the original wild rabbit did not appear. However, a -wild 
rabbit infected with the tumor-producing agent after eight serial 
passages through laboratory rabbits exhibited this histolo^cal pecu- 
liarity. This fact seems to indicate that the difference in the patho- 
logical pictures seen in -wild and domestic rabbits, as regards the 
epithelial cells, was one of species difference in reaction to the etiological 
agent. 

Clinically the only manifestation of disease in e.xperimentally 
infected rabbits was the appearance of tumors at the site of inoculation. 
There were no general evidences of illness and none died. 

The sites of infection were limited to the testicles and subcutaneous 
tissue. Inoculation of animals intramuscularly or intracutaneously 
did not regularly lead to local positive e\ndence of infection. The 
disease was not contagious, and administration of the tumor-producing 
agent intraperitoneally, intravenously, or intracerebrally was without 
apparent effect It is believed that the inciting agent is effective only 
when brought into close contact with connective tissue cells, and that 
it acts upon them directly, causing the formation of a fibroma-like 
tumor at the site of inoculation. 

StTMilARY 

A tumor-like condition has been obser^-ed in a wild cottontail 
rabbit and has been found to be transmissible to both wild and domes- 
tic rabbits but not to guinea pigs, white rats, white mice, or chickens. 
The clinical picture of the e.xpcrimcntally produced condition and the 
pathological picture of the original and experimentally produced 
tumors have been described. The tumor has the general appearance 
of a fibroma. Methods used in transmitting the condition and satis- 
factory routes of inoculation have been described and discussed. 
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EXPLANATION OF PLATES 
Plate 37 

Fig. 1. Section of original wild rabbit tumor. The bulbous projections of 
epidermis are composed of large vacuolated and inclusion-contaim'ng epithelial 
cells. The main mass of the tumor is made up of spindle and polygonal shaped 
connective tissue cells. Giemsa. X 100. 

Fig. 2. Subcutaneous tumor on abdomen 11 daj’-s after inoculation. The 
lobular form and sharply demarcated margins of the tumor are characteristic. 
Dimensions of tumor 5 x 6 x 2.5 cm. 

Plate 38 

Fig. 3. Cut surface of subcutaneous tumor on abdomen 11 days after inocula- 
tion. The tumor is composed of closel}'- packed nodules of glistening white tissue 
and has the general appearance of a fibroma. Dimensions of tumor 4 x 4.5 x 
2 cm. 

Fig. 4. Section of tumor in muscle of the thigh showing 5 'oung proliferating 
connective tissue invading spaces between muscle bundles. 1 1 days after inocu- 
lation. Phloxine-meth 3 dene blue. X 79. 

Fig. 5. Intact (on left) and section (on right) of two testicular tmnors with a 
normal rabbit testicle for comparison. The upper testicular tumor was removed 
18 days, the lower 16 daj's after inoculation. In the upper specimen the entire 
testicle is uniformly replaced by tumor tissue, while in the lower specimen the 
tumor is limited largely to the region of the epididymis and shows a large area of 
hemorrhage, Kaiserling-fixed specimens. 

Plate 39 

Fig. 6. Section of testicular tumor showing wide strands of j'^oung proliferating 
connective tissue between degenerating seminiferous tubules. 11 daj's after 
inoculation. Giemsa. X 94. 

Fig. 7. Section of testicular tumor from region of the epididj'mis showing the 
general cellular arrangement of an activelj’- growing tumor. The cells are of the 
j'oung connective tissue tj^je. 11 days after inoculation. Giemsa, X 70. 

Plate 40 

Fig. 8. Section of testicular tumor showing general appearance of the cells 
comprising the tumor. Mitotic figures and groups of cells whose protoplasm is 
apparentl}’^ continuous can be seen. In the lower left hand portion of the figure 
is the remnant of a degenerated seminiferous tubule. 11 daj's after inoculation. 
Hematoxj’lin-eosin. X 306. 

Fig. 9. Section of testicular tumor showing whorl-like arrangement of jmung 
proliferating connective tissue about nutrient blood vessels. Connective tissue 
cells invading surrounding necrotic tissue at margins. 11 daj's after inoculation. 
Giemsa. X 87. 
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EXPLANATION OF PLATES 

Plate 37 

Fig. 1. Section of original -wild rabbit tumor. The bulbous projections of 
epidermis are composed of large vacuolated and inclusion-containing epithelial 
cells. The main mass of the tumor is made up of spindle and polygonal shaped 
connective tissue cells. Giemsa. X 100. 

Fig. 2. Subcutaneous tumor on abdomen 11 da 3 ^s after inoculation. The 
lobular form and sharply demarcated margins of the tumor are characteristic. 
Dimensions of tumor 5 x 6 x 2.5 cm. 

Plate 38 

Fig. 3. Cut surface of subcutaneous tumor on abdomen 11 dajj-s after inocula- 
tion. The tumor is composed of closety packed nodules of glistening white tissue 
and has the general appearance of a fibroma. Dimensions of tumor 4 x 4.5 x 
2 cm. 

Fig. 4. Section of tumor in muscle of the thigh showing j'oung proliferating 
connective tissue invading spaces between muscle bundles. 11 daj'^s after inocu- 
lation. Phloxine-methylene blue, X 79. 

Fig. 5. Intact (on left) and section (on right) of two testicular tumors with a 
normal rabbit testicle for comparison. The upper testicular tumor was removed 
18 days, the lower 16 daj's after inoculation. In the upper specimen the entire 
testicle is uniformly replaced by tumor tissue, while in the lower specimen the 
tumor is limited largely to the region of the epididymis and shows a large area of 
hemorrhage. Kaiserling-fixed specimens. 

Plate 39 

Fig. 6. Section of testicular tumor showing wide strands of jmung proliferating 
connective tissue between degenerating seminiferous tubules. 11 days after 
inoculation. Giemsa. X 94. 

Fig. 7. Section of testicular tumor from region of the epididymis showing the 
general cellular arrangement of an actively growing tumor. The cells are of the 
young connective tissue type. 11 days after inoculation. Giemsa. X 70. 

Plate 40 

Fig. 8. Section of testicular tumor showing general appearance of the cells 
comprising the tumor. Mitotic figures and groups of cells whose protoplasm is 
apparentlj' continuous can be seen. In the lower left hand portion of the figure 
is the remnant of a degenerated seminiferous tubule. 11 days after inoculation. 
Hcmatoxj'lin-eosin. X 306. 

Fig. 9. Section of testicular tumor showing %vhorl-like arrangement of young 
proliferating connective tissue about nutrient blood vessels. Connective tissue 
cells invading surrounding necrotic tissue at margins. 11 days after inoculation. 
Giemsa. X 87. 
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EXPLANATION OF PLATES 
Plate 37 

Fig. 1. Section of original wild rabbit tumor. The bulbous projections of 
epidermis are composed of large vacuolated and inclusion-containing epithelial 
cells. The main mass of the tumor is made up of spindle and polygonal shaped 
connective tissue cells. Giemsa. X 100. 

Fig. 2. Subcutaneous tumor on abdomen 11 days after inoculation. The 
lobular form and sharply demarcated margins of the tumor are characteristic. 
Dimensions of tumor 5 x 6 x 2.5 cm. 

Plate 38 

Fig. 3. Cut surface of subcutaneous tumor on abdomen 11 daj^s after inocula- 
tion. The tumor is composed of closelj’’ packed nodules of glistening white tissue 
and has the general appearance of a fibroma. Dimensions of tumor 4 x 4.5 x 
2 cm. 

Fig. 4. Section of tumor in muscle of the thigh showing young proliferating 
connective tissue invading spaces between muscle bundles. 1 1 days after inocu- 
lation. Phloxine-methylene blue. X 79. 

Fig. 5. Intact (on left) and section (on right) of two testicular tumors with a 
normal rabbit testicle for comparison. The upper testicular tumor was removed 
18 daj’'s, the lower 16 days after inoculation. In the upper specimen the entire 
testicle is uniformly replaced by tumor tissue, while in the lower specimen the 
tumor is limited largely to the region of the epididymis and shows a large area of 
hemorrhage. Kaiserling-fixed specimens. 

Plate 39 

Fig. 6. Section of testicular tumor showing wide strands of young proliferating 
connective tissue between degenerating seminiferous tubules. 11 daj^ after 
inoculation. Giemsa. X 94. 

Fig. 7, Section of testicular tumor from region of the epididymis showing the 
general cellular arrangement of an actively growing tumor. The cells are of the 
young connective tissue type. 11 days after inoculation. Giemsa. X 70. 

Plate 40 

FIg. 8. Section of testicular tumor showing general appearance of the cells 
comprising the tumor. Mitotic figures and groups of cells whose protoplasm is 
apparently continuous can be seen. In the lower left hand portion of the figure 
is the remnant of a degenerated seminiferous tubule. 11 days after inoculation. 
Hematoxylin-eosin. X 306. 

Fig. 9. Section of testicular tumor showing whorl-like arrangement of young 
proliferating connective tissue about nutrient blood vessels. Connective tissue 
cells invading surrormding necrotic tissue at margins. 11 days after inoculation. 
Giemsa. X 87. 
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A FILTRABLE VIRUS CAUSING A mMOR-LIKE CONDI- 
TION IN RABBITS AND ITS RELATIONSHIP TO VTRUS 
MYXOI^IATOSU’^I 
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for Medical Research, Princeton, N. J.) 

(Received for publication, June 29, 1932) 

In a preceding paper (1) the clinical and pathological characteristics 
of a tumor-like condition of rabbits were described. The purpose of 
the present paper is to report experiments indicating the nature of 
the etiological agent and to point out its possible relationship to the 
virus of infectious myxoma. As in the preceding paper, the term 
"tumor” is used in its broadest sense, to indicate a local swelling con- 
sisting of a mass of new tissue. 

Viabilily of the Tumor-Inducing Agent in Glycerol 

Tumor tissue from dofuestic rabbits stored in 50 per cent glycerol 
at refrigerator temperature for as long as 86 days lost very' little, if 
any, of its original potency as judged by the size and character of the 
tumors it produced in domestic rabbits. Tissue stored for a longer 
period has not been tested for infecti\'ity. 

Etiology 

Cultures of tumor tissue on various media, including some suitable 
for the growth of tubercle bacilli, failed to reveal any significant 
organism. 

ITie resistance of the etiological factor to glycerol, together with the 
finding of inclusion-like bodies in the cytoplasm of epithelial cells 
overlying the original wild rabbit tumor (1), suggested that the causa- 
tive agent might be a filtrable virus. Attempts were made to trans- 
mit the condition to domestic rabbits by means of sterile filtrates of 
infectious suspensions. 
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Tumor tissue to be used as a source of infection in the filtration experiments was 
minced with sterile scissors, ground in a mortar with sterile sand, and suspended 
in infusion broth (pH 7.3) sufficient to make a 5 per cent suspension. Suspensions 
thus prepared were cleared of gross particles by centrifugation and the super- 
natant fluid was filtered through paper. 1 cc. of 24 hour broth cultures of B. 
prodigiosiis was added to each 15 to 20 cc. of the paper filtrates and thej'’ were then 
filtered through Berkefeld candles. The resulting filtrates were tested for sterility 
in amoimts of 1.5 to 3 cc. All those recorded were bacteriologically sterile. 

The results of the filtration experiments are summarized in Table I. 

The testicular tumors produced by filtrates were as large, per- 
sistent, and characteristic as those in the control animals which had 
received unfiltered suspensions. The subcutaneous tumors, on the 
other hand, were usually smaller, did not last so long, and were less 
compact than those in control animals. In some of the filtrate- 
infected animals the subcutaneous reaction consisted in the formation 
of groups of small, firm, shotty nodules lying in a softer subcutaneous 
swelling. These regressed very rapidly and without sloughing. 
Testicular tumors produced by filtrates, however, when used to infect 
further series of rabbits subcutaneously, caused typical firm, compact 
tumor formation. The period between the time of inoculation and 
the first evidence of tumor formation was approximately 2 days 
longer in animals receiving Berkefeld V and N filtrates than in those 
receiving the unfiltered suspensions. Only one of the two attempts 
to pass the tumor-producing agent through Berkefeld W filters was 
successful, and the incubation period in the rabbit receiving this 
filtrate was 10 days in contrast to 4 days in the case of its control 
receiving unfiltered suspension. 

Iimmmity Conferred by Experimental Infection 

Domestic rabbits in which either a subcutaneous or testicular tumor 
had been produced and allowed to regress were completely resistant 
to reinfection by either route. This immunity became evident before 
the tumor had completely regressed. Actual tumor formation was 
necessary for the production of immunity, since an amount of agent 
that failed to produce a tumor conferred no demonstrable immunity. 

The neutralization experiments summarized in Table II show that 
sera from rabbits whose tumors had regressed were capable of neutral- 
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izing the tumor-producing agent completely in tests by subcutaneous 
inoculation and partially or completely in tests by testicular inocu- 
lation. 

In this and other neutralization tests described in this paper the 
mixtures of serum and infectious suspension were incubated at 37°C. 
for 1 hour and then stored for 2 hours in the refrigerator before use. 


TABLE m 

Period of Persistence of Tumor-Prodncing Agent in Tumors 


Source of 
infectious 
material, 
Rabbit No. 

Length of 
time after 
inoculation 
that 
material 
vras taken 

Material used for inoculation, 
suspension of 

Rabbit 

inoculated, 

No. 

Route of inoculation and^ 
result, tumor formation at site 
of inoculation 


dayt 





307 

7 

Subcutaneous tumor 

317 

s.c.,* positive 



Testicular 

(t 

318 

i.L.y 

S.C., It 

i.t., It 

305 

14 

Subcutaneous 

ti 

335 

S.C., negative 



Testicular 

tt 

336 

i.t., positive 

S.C., It 

i.t., II 

311 

21 

Subcutaneous 

ft 

346 

S.C., negative 



Testicular 

(( 

347 

i.t., positive 

s.c., II but slight 






i.t., <1 

318 

35 

Testicular 

if 

359 

S.C., negative 

i.t., positive but slight 


*s.c. = subcutaneousl}-. i.t. = intratesticularly. 


The time necessary for the appearance of antibodies effective against 
the tumor-producing agent in the blood serum of tumor-bearing 
domestic rabbits has not been determined. They were, however, 
present in the serum of 1 animal (Rabbit 305, Table III) 14 days after 
inoculation. It should be noted that at this time the rabbit had large 
subcutaneous and testicular tumors that were shown to contain the 
tumor-producing agent. 
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and, conversely, in a wild cottontail rabbit by tbe implantation of a 
graft from the tumor of a domestic rabbit. In view of the generally 
accepted evidence regarding the impossibility of successfully trans- 
ferring the tissues of one species to another, the introduction of the 
tumor-producing agent with the graft seems more probably the cause 
of ensuing tumor formation than the proliferation of cells introduced 
with the graft. 

Relation of tlie Tumor-Producing Agent to Virus IIP 

Five male domestic rabbits immunized to Virus III by testicular 
and cutaneous infection were found, when tested 1 to 2 months later, 
to be fully susceptible to the tumor-producing agent administered 
subcutaneously or intratesticularly. This seemed to eliminate the 
possibility that Virus III, which might have become associated with 
the tumor-producing agent by rapid serial testicular passage through 
rabbits, contributed in any way to the tumor-like condition. 

Relation of tlie Tumor-Like Condition to Infectious Myxoma} 

The strain of myocoma virus used in the experiments to be described 
here was that used by both Hobbs (2) and Rivers (3) and was origi- 
nally obtained from Dr. Arthur Moses of the Oswaldo Cruz In- 
stitute in Brazil. Since, in recent works, Hobbs (2) and Rivers (3) 
have very fully described the characteristics of this strain of myxoma 
virus and the clinical and pathological manifestations of the disease it 
produces under experimental conditions, only the similarities and 
differences between infectious myxoma and tbe tumor-like condition 
under discussion will be summarized. 

Since Moses (5) has found the wild rabbit of Brazil insusceptible to 
experimental infection with Virus myxomatosum except in rare in- 
stances, and Hobbs (4) has been unable to infect our native wild 
cottontail rabbits with the virus, there was no e.xpectation that the 
condition observed in the original wild rabbit was infectious my.xoma. 
The character of the e.xperimentally produced tumor-like condition 
in laboratory rabbits spoke strongly against the view that we were 
dealing with infectious myxoma. The salient characteristics in 

' The \ irus III and Virus tnyxorr.alosum used in these experiments were kindly 
supplied by Dr. T. M. Rivers of The Rockefeller Institute for Medical Rcseardi. 
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which the two conditions differed may be briefly indicated here. In- 
fectious myxoma is almost unifonnly fatal for rabbits and is charac- 
terized not only by a local swelhng at the site of inoculation but by 
edematous swellings about the eyes, ears, nose, mouth, external 
genitalia, and other parts of the body; while the tumor-like condition 
is in our experience never fatal, its only evidences of patholog}'- are at 
the site of inoculation, and it produces no general symptoms. The 
virus of myxoma is infectious by any route and the resulting disease 
is highly contagious, whereas the tumor-producing agent is effective 
only when it can be brought into intimate contact with connective 
tissue, and the resulting disease is not contagious. The virus of in- 
fectious myxoma is found regularly in the blood stream while the 
tumor-producing agent has not been demonstrated there. The 
swelling produced at the site of inoculation with myxoma virus is of a 
diffuse character with an indefinite margin and it has the gross and 
histological appearance of an edematous inflammatory cellulitis ac- 
companied by connective tissue proliferation. The tumor, on the 
other hand, arising at the site of inoculation with tumor-producing 
agent is firm and well circumscribed; it has the gross and histological 
appearance of a fibroma. One should add that portions of myxoma 
lesions can be found which bear a closer resemblance to a neoplastic 
process than they do to an inflammatory one. In the epithelial cells 
overlying a myxoma swelling, eosinophilic cytoplasmic inclusions 
can regularly be seen. These are not found in the epithelium over- 
lying the tumor nodules produced in laboratory rabbits although the 
epidermis may be edematous and vesiculated. 

In spite of these differences, very early in the present work two 
characteristics of the tumor-like condition suggested a possible relation- 
ship to infectious myxoma. The first was the spongy consistency of 
the local swelling in its early stage before it had developed its charac- 
teristic firm tumor-like form. The second was the finding of cyto- 
plasmic eosinophilic inclusions very similar to those seen in infectious 
myxoma in the epithelium overlying the original wild rabbit tumor 
and in that overl3dng an experimentally produced tumor in a wild 
rabbit. The following e.xperiments were undertaken in order to 
c.xplore this possible relationship. 
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Resistance to Infections Myxoma Exhibited by Rabbits Recovering from 

the Tumor 

Domestic rabbits in •which actively gro'wing subcutaneous or testicu- 
lar tumors had been aUo'wed to regress either partially or completely 
•were tested for susceptibility to infectious myxoma. Of these, 8 
were inoculated subcutaneously ■with a verj’’ large dose of myxoma 
■virus, while 7 received, in the same way, a somewhat smaller dose. 
The results are recorded in Table IV. 

As sho^wn in this table, only 1 of the 15 rabbits died of infectious 
myxoma, 2 proved completely resistant, and the others, although they 
exhibited varying degrees of illness, aU recovered. This result, 
striking in view of the practically uniform fatality of the disease as 
observed by other investigators, indicated that rabbits, in which 
tumors had regressed, had been rendered more than normally resistant 
to infection ■with the ■virus of myxoma. 

Attempts to Neutralize the Virus of Infectious Myxoma with Serum of 
Rabbits Recovered from Tumor 

In an attempt to obtain information concerning the nature of the 
increased resistance to infectious myxoma e-xhibited by rabbits re- 
covered from tumor, the sera of such animab were tested for antibodies 
effective against the mjrxoma virus. These sera had previously been 
sho'wn to contain antibodies effective against the tumor-producing 
agent. The results of such cross-neutralization tests were com- 
pletely negative, as shown in Table V. 

Neutralization of the Virus of Infectious Myxoma with Scrum from 

Tumor-Rccovcrcd Rabbits That Had Been Subsequently Inoculated 
with Myxoma Virus 

^^’hile the sera from rabbits recovered from tumor failed to neutral- 
ize myxoma \’irus, these same rabbits when subsequent!}' infected 
with my.xoma underwent a mild and abortive U-pe of disease after 
which their sera neutralized the x-irus of infectious m\'xoma as -ihou-n 
by Table VI. 
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hwcnlafmi of Wild CoUontail Rabbiis imth the Virus of Infeed 
Myxoma and Its Effect on Their Susceptibility to the Tumor- 
Producing Agent 

Hobbs (4) has stated that in his experience the native wild cotti 
tail rabbit is not susceptible to infectious m3’xoma. Two out of th 
of our trials to infect wild cottontail rabbits also yielded apparen 
negative results. In the third attempt the very large dosage of 2 
of a 5 per cent suspension of virus-containing tissue administered s' 
cutaneously resulted, after 16 days, in a transitory thickening of 
epidermis and subcutaneous tissue in the region of the site of inoct 
tion. No general symptoms or characteristic swellings of the eyeb 
nose, and external genitalia were observed. The clinical picture 
this one wild rabbit was thus at wide variance with both infectii 
myxoma as produced in laboratory rabbits and the tumor-like cor 
tion produced in wild and laboratory rabbits. These few experime 
with wild cottontail rabbits tend to confirm Hobbs’ observation t] 
this species does not develop clinically recognizable infectious myxo 
as a result of inoculation with myxoma virus. 

However, in spite of the apparently negative reaction of 2 of 
animals to the virus of infectious mj^xoma, thej'-, as well as the ( 
that had developed a doubtful myxoma lesion, were subsequen 
found to be resistant to the tumor-like condition. Blood sen 
obtained a month after infection, from the wild rabbit that had sho 
a doubtfully positive reaction to the virus of infectious mjccoma 
hibited only slight inhibitoiy- action on both the tumor-produc 
agent and the my.xoma virus in neutralization tests. 

Neutralization of the Tumor-Producing Agent by Scrum of a Rabbit C 
valcsccni from Infectious Myxoma 

WTiile a number of domestic rabbits have been rendered immune 
mj'.xoma by preliminar>' infection with the tumor-producing age 
and while, after subsequent inoculation with mj-xoma \'irus, the s^ 
of such animals have proved capable of neutralizing that \nrus ( 
Table VI), thej’ were not satisfactory to use in cross-neutmlizati 
experiments because of the earlier tumor infection. Consequen 
experiments were initiated in order to secure a combination of s( 
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and myxoma virus such that, while preventing a fatal myi^oma illness, 
it would still render the animal immune. Most of the mixtures were 
so balanced that either there was no evidence of neutralization and 
the animals died much like their controls, or the neutralization was 
complete and neither illness nor immunity resulted. One animal 
(Rabbit 338), however, either because the partially neutralized virus 
was ideal for immun ization, or because of a natural partial resistance 
to infectious m 5 ^oma, developed a non-fatal attack of the disease 
and recovered completely. Serum from this rabbit was then tested 
for neutralizing properties against the myxoma virus and the tumor- 
producing agent. The results of these experiments are recorded in 
Table VII. 

As shown in Table VII, the serum from Rabbit 338 contained anti- 
bodies effective against both the m 3 ocoma virus and the tumor- 
producing agent. This animal was subsequently inoculated subcu- 
taneously with tumor-producing agent and foimd to be resistant to 
infection. 


DISCtrSSION 

The properties of the tumor-producing agent described in this and 
the preceding paper (1) are all of the group generally considered char- 
acteristic of a filtrable virus. The failure to cultivate any organisms 
from the tumors or to see them in stained sections, together with the 
tumor-producing agent’s resistance to glycerol, its ready filtrability, 
the type of immunity it induces, its relative host specificity, its pro- 
duction of cytoplasmic inclusions in the epithelial cells of one of its 
susceptible hosts, and its apparent tropism for one type of tissue, 
considered collectively, suffice to place it in the general group of fil- 
trable viruses. Any attempt to classify it in any other way would 
seem artificial. 

The classification of the pathological product of the action of the 
virus on the host is more difficult. The original tumor seen in the 
wild rabbit, and, in fact, those produced e.xperimentally in wild rab- 
bits, could, from the pathological picture, especially that revealed by 
the microscope, be classed as either granulomata or fibromata. How- 
ever, the gross and histological pictures of the tumor as produced in 
laboratory rabbits, whether by intratesticular, subcutaneous or 
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intramuscular inoculation, resemble those of a fibroblastic neoplasm. 
The extremely rapid growth of the tumor during the first 10 or 15 days 
after inoculation, followed later by retrogression, is not usual with 
transplanted neoplasms. It should be remembered, however, that 
this is the event in an alien species, and that mouse tumors will grow 
for a time in rats before retrogressing. Tumors produced in wild 
rabbits appear to persist unchanged indefinitely, to judge from the few 
available instances. The production of the tumor by material stored 
for long periods of time in glycerol distinguishes it from mammalian 
neoplasms, as also its production by cell-free filtrates. However, 
these features taken together fail to eliminate the possibility that the 
tumor is of neoplastic character, for the Rous sarcomas of chickens can 
be produced by cell-free filtrates of tumor tissue and by glycerolated 
material. As yet sufficient experiments on the fate of engrafted 
material have not been conducted to enable one to say whether the 
introduction of such material involves an actual transplantation of 
the growth. There can be no doubt that the tumors caused by the 
injection of filtrates arise as a result of the local action of the virus on 
the cells of the injected animal. The fibroma-like new growths are 
the product of this reaction. There is evidence (1) that the effective- 
ness of the virus in the production of tumors depends upon its being 
brought into intimate contact with connective tissue cells and that it 
bears a relationship to connective tissue similar to that borne by neuro- 
tropic viruses for the central nervous system or dermatotropic viruses 
for the skin. From the data at hand the tumor can better be con- 
sidered as the local hyperplastic connective tissue reaction to the virus 
than as a true neoplastic process. 

When the tumor-like condition and infectious myxoma were com- 
pared, utilizing cross-immunity phenomena to determine relationship, 
surprising results were encountered in view of the marked clinical 
and pathological differences already discussed. It was found, in 
fourteen out of fifteen instances, that rabbits in which tumors had 
regressed or were regressing exhibited marked resistance to infection 
with the mjesoma virus. In only 2 out of 14 animals was this resist- 
ance of such a degree as to be classified as complete. In the remaining 
12 rabbits myxoma developed in degrees of severit}’- varjung from a 
local lesion at the site of inoculation to a grave illness. Blood serum 
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from tumor-convalescent rabbits, hovrever, while capable of neutraliz- 
ing the tumor virus, did not protect against Vims viyxojnatosinn. 
Even the serum from Rabbit 251 (Tables IV and V) was devoid of 
neutralizing properties against myxoma virus although this animal 
had proved completely resistant to infectious myxoma on test inocula- 
tion. These experiments indicate that the failure of the virus of 
infectious myxoma to produce a fatal illness in tumor-convalescent 
rabbits may be explainable on the basis of an acquired resistance, 
conceivably of fixed tissue type. This \dew was strengthened by the 
finding that a rabbit (No. 266), whose senun drawn after recovery 
from the tumor failed to neutralize m3Tcoma virus (Table V), after 
subsequent infection vdth m3’xoma virus, which resulted in onl}^ a 
local swelling, 3delded a serum capable of neutralizing mj'xoma \’irus 
(Table VI). The fact that myxoma virus, which in a tmnor-con- 
valescent rabbit produced onl3’- a local lesion, was nevertheless capable 
of establishing demonstrable humoral antiviral bodies, while tumor 
virus, also causing a local lesion, developed no demonstrable humoral 
antibodies but did establish a resistant state in the host, seems sig- 
nificant. Two possible interpretations of these obseiwations are 
apparent. The first and probably least likel3' is that a fine line of 
distinction may be drawn between the resistance to infectious m3»xoma 
generated in a rabbit b3’’ its pre\nous infection with tumor \’irus and 
the immunity it acquires when it is subsequent^ inoculated with 
m3o:oma virus. Under such an interpretation the two viruses could 
be considered as antigenicall3’- distinct from one another. The second 
and simpler e.xplanation for the immunological differences is that the3" 
are quantitative onh', not qualitative, and that the tumor %'irus es- 
tablishes a lower grade of immunity against Vims myxomatosum 
merely by N-irtue of being a poorer antigen than Vims myxomatosum. 
Under this second interpretation the two \'iruses would be thought of 
as antigenically identical, or closely related to one another. The tumor 
virus would then be considered merely as a strain of Vims my.xoma- 
tosum, at3'pical, however, in its ability to regularly infect wild rabbits, 
in its inability to produce the classically rapidly fatal infectious 
m3'xoma in domestic rabbits, and in its failure to generate in domestic 
rabbits demonstrable virucidal antibodies effective against Vims 
myxomatosum. Ihc tumor ^^rus. considered as a strain of Vims 
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myxomatosum, Avould further differ from our classical conception of 
that virus by being incapable of passage from rabbit to rabbit by 
contact, by not invading the blood stream, by not establishing a gen- 
eralized infection with mdespread pathological alterations, by fail- 
ing completely to infect domestic rabbits when administered intra- 
venously or intraperitoneally, by having an apparently specific in- 
fective affinity for connective tissue, and by producing at the site of 
inoculation a tumor histologically at wide variance with the local 
lesion produced by Vims myxomatosum. 

Wild cottontail rabbits inoculated with Virus myxomatosum failed, 
with one possible exception, to show clinical evidence of myxoma, 
but in spite of this became subsequently resistant to infection with 
tumor virus. This acquired resistance too was not accompanied by 
the appearance in the blood serum of antibodies neutralizing either 
myxoma or tumor virus. 

The cross-immunity developed by a rabbit convalescent from 
myxoma has also been considered. Hobbs (4) demonstrated that 
serum from a rabbit convalescent from infectious myxoma would 
neutralize the myxoma virus and Fisk and Kessel (6) found that 
rabbits convalescent from infectious myxoma were immune to sub- 
sequent infection by the virus. We were desirous of determining 
whether rabbits convalescent from infectious myxoma would show 
resistance or immunity to the tumor virus. Only one animal not 
previously infected with tumor virus has so far survived an attack 
of myxomatosis. This rabbit was shown thereafter to be resistant to 
infection with tumor virus and its serum not only neutralized myxoma 
virus completely but also possessed virucidal properties for the tumor 
virus. 

The relationship of the tumor-producing virus to the myxoma virus 
is not yet clear. The two diseases appear at present as separate clini- 
cal entities produced by viruses that seem immunologically to be 
related. The recent work of Andrewes (7) on the immunological 
relationships of fowl tumors vdth different histological structure and 
that of Murphy and his coworkers (8, 9) on a tumor-inhibiting sub- 
stance effective even against tumors of an alien host may point the 
way to an explanation of the peculiar relationship existing between 
the two. Another possibility is that their relationship is like that of 
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vaccine vims and the vims of variola. One might suppose that the 
two viruses were originally identical or at least had a common an- 
cestor, and that the tumor vims was developed from the myxoma \dms 
by prolonged passage through wild rabbits just as the virus of variola, 
after passage in series through calves, becomes permanently vaccine 
vims, or so it is supposed. 

Rivers (3), in discussing similarities between the myxoma of rabbits 
and the Rous sarcoma of chickens, has said, “If, as some believe, the 
Rous sarcoma appears to be more closely related to tme neoplasms 
than to diseases induced by highly contagious agents, then the myxoma, 
upon further study, may serve to bridge the gap between the Rous 

tumor and other virus maladies ” The tumor-like condition 

of rabbits discussed in this and the preceding paper probably has a 
place somewhere between infectious myxoma and the Rous sarcoma 
in this general arrangement of vims diseases suggested by Rivers, 
thus bridging still further the gap between the Rous tumor and other 
virus maladies. 

The description by von Dungem and Coca (10) of a transmissible 
spindle cell fibrosarcoma in wild hares, which could be transplanted 
to laboratory rabbits, while presenting interesting points of resem- 
blance to the disease under discussion here, was not accompanied by 
sufficient data on the nature of the inciting agent for a dose com- 
parison. 


SUMMARY 

The properties of the agent causing a tumor-like condition in rabbits 
have been tested experimentally and the conclusion reached that it is a 
filtrable virus. WTiilc the tumor-like condition and infectious m}'xoma 
differ markedly in their clinical and pathological pictures, they have 
been found to be related immunologicalh-. The relationships of the 
tumor-producing virus to the rirus of infectious myxoma, and of the 
tumor-like condition to malignant neoplasms have been discussed. 
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{From ihe Laboratory Division, Hospital for Joint Diseases, New York) 
Plates 41 and 42 

(Received for publication, July 28, 1932) 

Experimental hj^ierparathyroidism in young and old animals on 
high and low caldum intakes results in bone decalcification and second- 
ary fibrosis leading to the production of generalized ostitis fibrosa 
(1-6). We conceived the mechanism of these changes as follows: 

“It may well be that the immediate antecedent of experimental ostitis fibrosa 
is a condition, perhaps related to the disturbed add-base equilibrium, which 
may also be caused by other agents than parathormone. However, it seems 
essential that the action be continuous, and that the condition which it causes 
be maintained for long periods •nithout endangering the life of the e.xpcrimental 
animal, or a certain minimum of well-being. Parathormone is spcdfic in the 
sense that it satisfies these requirements” (1). 

We recognized, in xdew of the known effects of parathormone upon 
the mineral metabolism, that other means of similarly affecting mineral 
metabolism might produce similar end-results. It was deemed 
desirable to undertake a quantitative study of the question of e.xperi- 
mental bone decalcification, using ammonium chloride to bring about 
generalized osteoporosis and possiblj* ostitis fibrosa. 

./Vmmonium chloride has long been known to be an effective agent 
in producing acidosis, as in its metabolism urea is sjTithesizcd from 
the ammonium radicle and hydrochloric acid is liberated. Am- 
monium chloride may be administered in considerable quantities for 
a long time. Haldane demonstrated an increased excretion of bases 
and phosphates in the experimental acidosis thus produced (7). The 
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calcium reserves in the bone may be expected to take a considerable 
part in the neutralization of the acid, and an increased excretion of 
calcium and phosphorus, especially through the Iddneys, has been 
confirmed experimentally (8). 

Increases of serum phosphatase were demonstrated in the course of 
this study, which were roughly parallel to the degree of bone decal- 
cification (9). 


Methods 

Four litters of dogs were used, 3, 6, 8, and 18 months old, respectively, at the 
beginning of the experiment. At the outset the 3 months old puppies averaged 
about 3 kilos, tlie 6 months about 8 kilos, the 8 months old dogs about 10 kilos, 
and the 18 months old dogs about 17 kilos. Each group contained one or more 
control animals which did not receive ammonium chloride. Two tj'pes of control 
were used, those maintained on a calcium-adequate diet and those on a calcium- 
inadequate diet. The experiment was continued for 11 weeks. 

Did . — The diet consisted of fresh ground lean horse meat, mixed with 2 per 
cent cod liver oil and 5 per cent canned tomatoes. This constituted the calcium- 
poor diet. It was adequate in other respects. The animals receiving the calcium- 
adequate diet were given a supplement consisting of 2.5 gm. of bone meal and 
2.5 gm. calcium lactate (equivalent to about 1 gm. calcium) per kilo of meat mix- 
ture, On this diet the control animals grew well and were in excellent condition. 
The food intake, though measured daily, was given practically ad libitum. The 
animals consumed from 0.5 to 2.5 kilos per day, depending on their size. The 
youngest dogs on the low calcium diet with ammonium chloride supplement suf- 
fered loss of appetite towards the end of the experiment and their food con- 
sumption decreased to about 0.5 kilos per day. 

Ammonium Ctdoridc Administration . — ^Ammonium chloride was administered 
at first in the form of a 1 per cent solution by stomach tube, and later in per 
cent and 2 per cent solutions, once a day at the beginning of the experiment, and 
twice a day when the volume administered would otherwise have been too large 
to be given at one time. At the beginning of the experiment the amount of am- 
monium chloride was about 0.08 gm. per kilo of bodj'^ weight per day, for all the 
groups. It was increased relatively rapidly in the 18 months old dogs to a final 
daib' dose of 1 gm. per kilo bod}' weight, in the 8 months old dogs to 0.8 gm. per 
kilo, in the 6 months old dogs to 0.7 gm. per kilo, and in the 3 months old dogs to 
0.4 gra. per kilo. The final dose was continued for 17 days before the conclusion 
of the experiment. 

Course of the Experiments 

The control animals on the adequate calcium intake continued to 
grow, including even the 18 months old dogs that had practically com- 
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pleted their growth at the beginning of the experiment. The ani- 
mals on a low calcium diet without ammonium chloride gained weight 
more slowly after a time, although their growth in length seemingly 
continued. On the other hand, the dogs on the low calcium diet 
receiving ammonium chloride eventually developed anorexia and 
gained no weight. This was particularly noticeable in the youngest 
group where gain in weight ceased after the first 2 weeks on the low 
calcimn diet with ammonium chloride. One animal developed de- 
formities and fractures — a yoimg puppy on low calcium diet, receiving 
ammonium chloride. The amm onium chloride effect w’as not as 
pronounced in the older animals. The animals receiving high caldiun 
intakes and the ammonium chloride grew well. 

Gross Pathologic Fhidings 

At autopsy the bones of the control dogs receiving the calcium sup- 
plement were normal in every respect. 

They cut with usual resistance and the cortices were compact. The spong>' 
trabeculae at the ends of the long tubular bones were entirely normal in appearance, 
and the internal architecture showed the usual arrangement of the trabeculae. 
The periosteum covering the long tubular bones stripped normally and the articular 
cartilages were smooth and glistening. The soft tissues showed no abnormalities 
in the gross, and the intestinal mucosae were intact throughout. 

The animals of all age groups on a low calcium intake showed, on 
the other hand, readily discernible thinning of their bones, on compari- 
son ■ndth their controls. 

In Fig. 1 it is plainly visible that the cortex of the femur of the dog on the low 
calcium diet shows marked cortical thinning when compared wth its adequate 
calcium control. Gross lamellation of the cortex with enlargement of the vessel 
canals is apparent. The general marrow ca\'ity is enlarged. The spong>’ bone 
at the lower end of the femur extends over not quite as great a distance as docs the 
spong>' bone of the litter mate controls on the high calcium diet. The indiN-idual 
trabeculae arc thinner, and this thinning of the trabeculae appears both in the 
extreme epiphyseal ends of the bone and in the mctaphyscs. The spongx* tra- 
beculae of the diaph\-sis have practically disappeared. Thus the cfTect of a low 
calcium intake is not limited to the spongx’ bone, but is reflected also in the cortex. 

The macroscopic effects of the ammonium cliloride treatment were 
obserx’cd in all the age groups, but were most striking in the younger 
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calcium reserves in the bone may be expected to take a considerable 
part in the neutralization of the acid, and an increased excretion of 
calcium and phosphorus, especially through the Iddneys, has been 
confirmed experimentally (8). 

Increases of serum phosphatase were demonstrated in the course of 
this study, which were roughly parallel to the degree of bone decal- 
cification (9). 


Methods 

Four litters of dogs were used, 3, 6, 8, and 18 months old, respective!}', at the 
beginning of the experiment. At the outset the 3 months old puppies averaged 
about 3 kilos, the 6 months about 8 kilos, the 8 months old dogs about 10 kilos, 
and the 18 months old dogs about 17 kilos. Each group contained one or more 
control animals which did not receive ammonium chloride. Two types of control 
were used, those maintained on a calcium-adequate diet and those on a calcium- 
inadequate diet. The experiment was continued for 11 weeks. 

Diet . — ^The diet consisted of fresh ground lean horse meat, mixed with 2 per 
cent cod liver oil and 5 per cent canned tomatoes. This constituted the calcium- 
poor diet. It was adequate in other respects. The animals receiving the calcium- 
adequate diet were given a supplement consisting of 2.5 gm. of bone meal and 
2.5 gm. calcium lactate (equivalent to about 1 gm, calcium) per kilo of meat mix- 
ture. On this diet the control animals grew well and were in excellent condition. 
The food intake, though measured daily, was given practically ad libitum. The 
animals consumed from 0.5 to 2.5 kilos per day, depending on tlieir size. The 
youngest dogs on the low calcium diet with ammonium chloride supplement suf- 
fered loss of appetite towards the end of the experiment and their food con- 
sumption decreased to about 0.5 kilos per day. 

Ammonium Chloride Administration . — ^Ammonium chloride was administered 
at first in the form of a 1 per cent solution by stomach tube, and later in H per 
cent and 2 per cent solutions, once a day at the beginning of the experiment, and 
twice a day when the volume administered would otherwise have been too large 
to be given at one time. At the beginning of the e.xperiment the amount of am- 
monium chloride was about 0.08 gm. per kilo of body weight per day, for all the 
groups. It was increased relatively rapidly in the 18 months old dogs to a final 
daily dose of 1 gm. per kilo body weight, in the 8 months old dogs to 0.8 gm. per 
kilo, in the 6 months old dogs to 0.7 gm. per kilo, and in the 3 months old dogs to 
0.4 gm. per kilo. The final dose was continued for 17 days before the conclusion 
of the experiment. 

Course of the Experiments 

The control animals on the adequate calcium intake continued to 
grow, including even the IS months old dogs that had practically com- 
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animals. In all the age groups the gradations of change were found 
to be strikingly dependent upon the calcium intake. Those dogs 
receiving an adequate calcium intake and ammonium chloride showed 
less bone thinning than those receiving a low calcimn diet and ammo- 
nium chloride. 

Examination of Fig. 1 will show that in the 170 litter, the femoral cortex of 
the dog on a low calcimn diet plus ammonium chloride is tliinner than that of the 
dog on an adequate calcium diet plus ammonium chloride but not ver}"- much 
different from the low calcium control. The femoral cortices of both of these 
animals are definitely lamellated and the spongj'- bone of both the low calcium 
control and the low calcium plus ammonium chloride animals, while fairly abun- 
dant, consists of much more delicate trabeculae than observed in the metaph 3 'ses 
and epiph 3 'ses of the dogs receiving an adequate calcium intake plus ammo- 
nium chloride. 

In the youngest age group the added effect of ammonium chloride 
brought out more striking changes than the low calcium diet alone. 

In a dog put in the experiment at 3 months of age, a low calcium diet and 
ammonium chloride led to fractures and deformities. Less striking changes were 
observed in the litter mate given ammonium chloride and a high calcium diet. 
These differences are depicted in Fig. 2. The photograph shows a pronounced 
osteoporosis of the femur of the dog receiving an adequate calcium intake plus 
ammonium chloride; the cortex is extremeb' thin, about one-half to one-third 
that of its control. The spongy bone which is fine and delicate continues into 
the diaphysis but not as far as in the control; there are no deformities or fractures; 
the cortex shows definite gross lamellation. The litter mate on a low calcium 
intake with ammonium chloride suffered extensive fractures of the ribs, femora, 
and humeri. At autopsy great care had to be exercised in the removal of the 
bones to prevent further fractures because of the ver 3 ’' marked friabilit 3 \ Healing 
of the fractures with callus proliferation and deformities was observed. The 
specimen shown in the figure is from the lower end of a macerated femur. The 
bone was so friable that some of it disintegrated in the process of maceration. 
Nevertheless the thin tissue-paper-like cortex is noticeable. The narrow de- 
formed marrow cavit 3 " was closed in places by internal callus and the spongy 
trabeculae of the metaph 3 'seal region were so soft and friable that careful handling 
had to be exercised to prevent tire production of artefacts. 

This also holds true for the 130 litter, shown in Fig. 3. The cortex of tlie femur 
of the dog on a low calcium intake plus ammonium chloride is ver 3 '’ much thinner 
than that of the dog on an adequate calcium intake plus ammonium chloride and 
even somewhat thinner than the cortex of the low calcium control. The spongy 
trabeculae are thinner and the intertrabecular spaces wider in the animal on the 
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low calcium diet plus ammonium chloride than in the one which received an ade- 
quate calcium intake plus ammonium chloride. The spongj' bone is even more 
delicate than in the low calcium control. 

It was obvious in the gross as well as microscopically that rickets 
played no part in these experiments. Indeed our experience in this 
and in other series of tests has shown our meat diet, with the cod liver 
oil and tomato juice supplement, entirely adequate for growth and for 
prevention of deficiency diseases. 

Microscopic Anatomy 

In the study of the ribs, comparative examinations were made of the 
various animals vithin the same group. We were careful to make 
comparisons on the basis of the severity of changes at equal distances 
from the costochondral junction. 

Three of four ribs from each of the dogs were subjected to histologic e.tamination. 
Generally the 6th, 7th, 8th, and 9th ribs were taken, and a large piece including 
the costochondral junction was examined. Fixation in Hellris fluid, decalcifica- 
tion in nitric add, and staining with hematox>’lin and eosin. 

IS Months Old Group . — There were slight but readily distinguishable differ- 
ences in the ribs of all the animals within this group, but these were not vcrj’ 
marked. The control showed the most compact bone with the narrowest vessel 
canals and the fewest osteoclasts. The dogs on the adequate caldum intake plus 
ammonium chloride showed the least deviation from the normal. In them 
the vessel canals were already moderately enlarged but on the whole quite smooth, 
and osteoclasts were few in number. The dog on the tow calcium diet and that 
on the low caldum diet plus ammonium chloride showed, in those ribs examined, 
the greatest change from the normal. Their ribs displayed the most marked 
enlargement of the vessel canals, and the greatest amount of subperiosteal and 
subendostcal resorption. It is, however, striking that the ribs in none of the dogs 
of this group presented marrow fibrosis. 

S Months Old Group . — In this group, the adequate caldum control had the most 
compact ribs. The histologic c.xamination showed that maturity had not as yet 
been reached, and that there was active bone formation at the costochondral 
junctions. Naturally, the vessel canals of the cortex had not taken their final 
narrow size, though tliey were smooth walled and there was, except in the region 
of the costochondral junction, a minimum of subperiosteal and subendostcal 
resorption. The other two animals in this group showed a slight but definite 
deviation from the control, and the one on the low calcium diet with the ammonium 
chloride probably showed this change more than the one on the adequate caldum 
plus ammonium diloridc. The differences between these two animals reedring 
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in the vessel canals vrith increased osteoclasts within these canals. Furthermore 
there was a very slight tendency' to marrow fibrosis near the costochondral 
junctions. 

The animal receiving the low calcium diet plus ammonium chloride showed very 
extensive resorptive and fibrotic changes. Every rib examined had fractures 
and infractions in various stages of healing. Some of the long bones showed frac- 
tures and deformities in various stages of healing. The effects of this regime 
caused scarring of the marrow, thinnin g of the cortices of the ribs, marked enlarge- 
ment of the vessel canals with increased connective tissue in them. Numerous 
osteoclasts were observed. 


DISCUSSION 

These experiments are in accorcJ with the known fact that the 
achninistration of ammonium chloride induces porosis of bones. The 
age correlation is significantly demonstrated, as the effects of am- 
monium chloride diminish very materially as soon as the animal 
passes the young puppy stage. Smaller dosage per kilo sufficed to 
produce in yoimg puppies very much more marked changes than could 
be produced by much larger doses in the adult. 

The effect of ammonium chloride administration should not be con- 
sidered, as it sometimes is, independently of the calcium intake or the 
calcium-phosphorus ratio. In this series of experiments, particularly 
in all animals 6 months and older, the level of calcium intake was most 
decisive in causing development or prevention of marked degrees of 
bone decalcification. In these dogs the differences between the low 
calcium and adequate calcium groups were frequently more obvious 
than the differences between dogs on an adequate calcium intake with 
and without ammonium chloride supplement. In the youngest 
puppies a definite effect of ammonium chloride in the adequate calcium 
group w'as evident, but even here the effect of the calcium withdrawal 
was considerably more drastic. The effects of administration of 
ammonium cliloridc with or without an adequate calcium intake led to 
gross fractures and deformities in only one of the youngest dogs. 
This animal received no supplementary calcium. 

In none of these animals was there any c\idencc of rachitoid lesions 
which Bernhardt and Rabl (10) obsetwed in young rats on a diet 
deficient in calcium and phosphorus, to which 2 per cent ammonium 
chloride was added as well as a small and, under the conditions of their 
experiment, possibly inadequate cod liver oil supplement. 
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The effects of ammonium chloride in causing an increased excretion 
of calcium are known. Furthermore the conclusion that the calcium 
comes from the skeleton is obvious. These facts have prompted cer- 
tain clinicians to utilize ammonium chloride decalcification as a 
therapeutic vehicle towards the correction of bone deformities due to 
rickets (11). The anunonium chloride was generally given in doses of 
about 0.2 gm, per kilo body weight daily, but supplementary pro- 
cedures, such as Bier’s hyperemia daily for 15 to 20 hours, absolute 
rest in bed, and the application of constant traction and mechanical 
correction were used. It has been reported that by such non-surgical 
procedures some degree of correction of rachitic bow-legs is obtainable 
at a saving of time. It is more difficult to obtain these effects after 
the period of active rickets, and while osteoporosis may be obtained 
with ammonium chloride, it is more difficult to correct a deformity 
except by a long tedious usage of the auxiliary mechanical methods. 

The histologic studies, furthermore, revealed a number of features 
that are helpful in understanding certain of the pathologic aspects of 
the general subject of osteoporosis. The feeding of an adequate cal- 
cium supplement led to a definite reduction in the rate of decalcification 
in all of our experiments. The older dogs receiving ammonium 
chloride and supplementary calcium showed a minimal number of 
osteoclasts and few Howship’s lacunae. With an inadequate calcium 
intake and anmionium chloride, the ribs of such dogs showed increases 
in lacunae and osteoclasts and also in subperiosteal and subendosteal 
resorption. The same features held in the younger age groups whose 
animals receiving an adequate calcium intake tended to show less 
active resorption. In these animals also a low calcium intake led to the 
appearance of more osteoclasts and Howship’s lacunae and the asso- 
ciated subperiosteal and subendosteal resorption. In the younger 
animals calcium insufficiency was found to be distinctly responsible 
for the rapidity with which the histologic pictures of resorption 
appeared, and for their severity. 

When the decalcification was rapid, such degrees of marrow fibrosis 
and sucli extensive bone resorption resulted that the histologic picture 
could be designated as generalized ostitis fibrosa. The youngest ani- 
mals in our experiments receiving an inadequate calcium intake plus 
ammonium chloride developed such lesions, while the older ones on 
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the SAII16 rpgimp. only developed wlint could be cnlled simple osteo- 
porosis. 

This difference in effect in the various age groups brmgs up the 
question of what is to be comprehended by the term ostitis fibrosa, 
and also the still more important question of relationship to each 
other of the ostitides fibrosae produced by various procedures. We 
have previously reported on the production of ostitis fibrosa in gmnea 
pigs and dogs through the administration of parathormone. These 
lesions are in a broad sense of the same histologic appearance as those 
that are produced in young actively growing dogs on a low calcium 
but otherwise adequate diet, although other important differences 
were noted. The administration of ammonium chloride to a puppy 
receiving an inadequate calcium diet will lead, when the diet is so pro- 
tected that none of the vitamin deficiencies will result, to generalized 
ostitis fibrosa, histologically quite indistinguishable from that which 
results from an inadequate calcium intake alone. Furthermore, the 
amounts of calcium adequate for slow growth wiU, if these puppies 
are very young and actively growing, produce a histologic picture of 
ostitis fibrosa, different only in quantitative aspects from that which 
appears in a rapidly growing puppy on an inadequate calcium intake. 

\Vhile the ostitides fibrosae produced by the above mentioned pro- 
cedures lead to basically the same histologic pictures, the gross appear- 
ances of the dogs subjected to these varying regimes will be different. 
Dogs on low calcium intake, receiving parathormone or relatively 
large doses of ammonium chloride will show severe ostitis fibrosa 
associated with stunting and deformities. The stunting is due pri- 
marily to loss of appetite. It is significant therefore that a severe 
ostitis fibrosa will develop under the influence of ammoniiun chloride 
or parathormone in such animals whose growth has practically stopped. 
The ostitis fibrosa is here clearly attributable to a drastic decalcifica- 
tion unaided by the demands of rapid growth. In simple calcium 
deficiency a similar picture of ostitis fibrosa will be produced in an 
animal in which the calcium deficiency is aggravated not by para- 
thormone nor by ammonium chloride, but by the physiological 
demands of bone growth. 

Wc must conceive of generalized ostitis fibrosa as a rather inclusive 
catcgor>-, embracing not only the clinical generalized form (von Reck- 
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linghausen’s disease), which has a specific parathyroid etiology, and 
the experimentally produced ostitis fibrosa of similar origin, but also 
the experimentally produced conditions which are caused by other 
means leading to very rapid calcium depletion with resulting marked 
marrow connective tissue proliferation. Thus, either clinically or 
experimentally, if bone decalcification is very rapid — and this would 
hold in the young or in the adult — generalized ostitis fibrosa occurs. 
From this point on there may be modification of both the gross and 
histologic features of the ostitis fibrosa, due to the special underlying 
factor inducing the decalcification. Thus it is conceivable that hyper- 
parathyroidism may in the course of the development of ostitis fibrosa 
favor incidentally very extensive hemorrhage into the marrow, result- 
ing in brown blood cysts and the formation of giant cell tumors. It 
has been recently shown (12) that generalized ostitis fibrosa may exist 
without the otlier classical features of von Recklinghausen’s disease 
(cysts and giant cell tumors) apparently on the basis of a hyperpara- 
thyroidism, as at autopsy parathyroid adenomas were found. 

On the other hand, a slowly developing decalcification from what- 
ever cause will lead, both in the young and adult, to a less severe lesion 
which is called osteoporosis, because of the absence of striking fibrosis. 
The occurrence of osteoporosis in adults under a number of circum- 
stances is well known and one of the most common causes for it is 
Graves’ disease. In this disease there is negative mineral balance, 
but the patients do not suffer from the effects of diminished calcium 
intake. The disease is chronic and the decalcification is slow but 
progressive. 

In long tubular bones the same phenomena are observed. 
Relatively rapid decalcification has been found to occur in the meta- 
physis — the region of rapid bone growth and metabolism, — ^and slow 
decalcification in the diaphysis and epiphysis. Corresponding to 
these changes are the histologic pictures of ostitis fibrosa and osteo- 
porosis observed in the respective portions of such long bones (6). 

The modifying effects of several factors are also illustrated in 
experimental rickets. It is well knovm that rickets cannot be pro- 
duced experimentally in rats by withholding vitamin D unless there 
is a simultaneous mineral imbalance (disturbance of calcium-phos- 
phorus ratio). In very young rapidly growing rats with curative 
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vitamin D supplement, but on a low calcium diet, an ostitis fibrosa 
will develop. On the same regime with 1000 to 2000 rat units of 
vitamin D, the marrow fibrosis will be essentially prevented and 
simple osteoporosis will ensue. The same diet with the exclusion of 
vitamin D will produce rickets. 

While these experiments have yielded comparisons of low calcium 
and high calcium regimes, it is recognized that similar results might 
have been obtained with a difierent type of calcium-phosphorus 
imbalance — ^namely on low phosphorus diets. 

CONCLUSIONS 

1. In all age groups the effects of ammonium chloride administra- 
tion were foimd to be strikingly dependent upon the calcimn intake. 

2. Dogs receiving an adequate calcium diet and ammonium chloride 
showed less decalcification than those receiving a low calcium diet 
with or without ammoniiun chloride. 

3. In the younger groups the added effect of ammonium chloride to 
calcium-low diet brought out more striking changes than a low calcium 
diet alone. 

4. When the decaldfication was less severe — in the oldest dogs on 
the low calcium diet with or without ammonium chloride, and in the 
younger dogs on an adequate calcium intake with ammonium chloride 
— generalized thinning of the bones without marrow fibrosis resulted 
(osteoporosis). 

5. WTien the decalcification was rapid and severe — in the youngest 
dogs on low calcium diet, particularly with ammonium chloride — 
generalized decalcification and secondary marrow fibrosis resulted 
(ostitis fibrosa). 

6. Generalized ostitis fibrosa is a rather inclusive term and may be 
applied to the histologic picture which results when clinical or experi- 
mental decaldfication is rapid, and therefore leads to extensive marrow 
fibrosis. 

7. The spedal underldng causes of the decaldfication mav inci- 
dentally contribute features to modify the generalized osteoporosis or 
ostitis fibrosa as in rickets and in von Reddinghausen’s disease. 
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EXPLANATION OF PLATES 
Plate 41 

Fig. 1. Photograph of the distal portions of the femora of the 6 months old 
dogs. Macerated specimens. 

Fig. 2, Photographs of the distal portions of the femora of the 3 months old 
dogs. Macerated specimens. 

Plate 42 

Fig. 3. Photographs of the distal portions of the femora of the 18 months 
old dogs. Macerated specimens. 
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THE MATERNAL TRANSMISSION OF VACCINIAL BIMU- 

NITY IN SWINE 

By JOHN B. NELSON, Ph.D. 

{Prom the Deparimeni of Animal and Plant Pathology of The Rockefeller Institute 
for Medical Research, Princeton, N. J.) 

’Plate 43 

(Received for publication, June 30, 1932) 

The route by Tvliich antibodies are transmitted from an immune fe- 
male animal to her young has been determined for most of the domesti- 
cated and laboratory animals. There are comparatively few observa- 
tions, however, on the maternal transmission of protective substances, 
aside from the antitoxins. In the case of antibodies the path of con- 
veyance is either a direct one by way of the placenta or an indirect one 
by way of the mother’s colostrum or milk. As pointed out by Kuttner 
and Ratner (1) the direct passage of antibodies is influenced by the 
histologic structure of the placenta. WTiether or not the same rela- 
tions are applicable to the transmission of protective substances can 
be decided only by actual test. In the cow, with a transitional tj-pe of 
placenta, it was shown by Smith and Little (2), in their work on calf 
scours, that protective substances were conveyed by the colostrum. It 
was already known that antibodies were transferred from cow to calf 
by the indirect route. The present work with swine was undertaken 
to determine the route of transmission in an animal with a different 
placental structure, specifically a true adeciduous placenta. 

Considerable attention has been p»aid to the transmission of protection in smne 
by reason of its bearing on vaccination procedures in hog cholera. It was recog- 
nized from field c-xperfence and demonstrated in controlled experiments by 
Me\rthur (3) and by Pickens, Welsh, and Poelma (4) that the young of sows 
immune to hog cholera were temporarily resistant. This resistance was generally 
attributed to a transfer through the colostrum or milk but the possibility of 
placental transmission was not definitely excluded. The route of antibody trans- 
mission was worked out by Connaway (5) who in a study of swine abortion found 
that the colostrum was the chief vehicle of conveyance. 
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TenBroeck and Ring (6) had recently shown that it was possible to take new- 
born pigs from their dams, before suckling, and raise them on a mixture of com- 
mercial cow’s milk powder and normal swine serum. The controls essential for 
ruling out a placental transmission, which were lacking in the earlier work on hog 
cholera, could be supplied by this procedure. 

Vaccinia virus was selected as the immunizing agent for the demon- 
stration of maternal transmission. Swine were found to be naturally 
susceptible to vaccinia, responding to the presence of virus in the skin 
with the usual vesicular reaction. The first manifestation, after vacci- 
nation, was a slight elevation of the skin with a little congestion, ap- 
pearing generally on the 2nd day. Definite papules, discrete or con- 
fluent, developed on the 3rd or 4th day. These increased in size and 
usually became vesicular a day later. At this time the lesion appeared 
as a white-tipped nodule measuring up to 10 mm, at the surface and 
generally surrounded by a red zone of congestion. In some cases the 
vesicles persisted for an additional day, rarely longer, but usually scab 
formation was visible on the 6th or 7th day. The swelling rapidly 
subsided, the congestion faded, and after a variable period the scabs fell 
off. The reaction period, it may be noted, is considerably shorter than 
in man and there is no permanent scar formation. 

Methods 

Young sows in their first or second pregnancy were vaccinated with vaccinia 
virus immediately before or shortly after breeding.^ The vaccine was introduced 
into the superficial layers of the skin over the inner surface of the flank, an area 
which is relatively hairless, clean, and protected. With adult animals the skin 
was washed with alcohol and dried with ether. This procedure was generally 
omitted in the vaccination of young animals with no unfavorable results. Two 
parallel scratches, approximately 2 inches long and 1/2 inch apart were made in the 
skin with a pointed hypodermic needle. Three drops of vaccine fluid were placed 
along each line with a capillary pipette and rubbed into the abraded area. 

The gestation period in swine, approximately 115 days, allows ample time for tlie 
development of a solid immunity. The vaccinated sows were kept in confinement 
towards the close of the estimated gestation period and closely watclied. At 
parturition, their j'oung were taken before they had suckled and divided into two 
groups. One group was subsequently returned to the sow and allowed to 
nurse. The pigs of the other group were fed by hand a mixture of dried cow’s 

* The vaccine employed in this work was obtained from the Laboratories of tlie 
New York City Department of Health through the courtesy of Dr. W. H. Park. 



JOHN B. NELSON 


837 


miR- and normal swine serum. On the 7th day, in most instances, the young 
pigs were vaccinated and kept under observation for 10 days or more. 

The experimental findings with the young of three vaccinated 
sows are presented in detail in the following case reports and summar- 
ized in Table I. The cutaneous reaction in suckling and hand-fed pigs, 
following vaccination, is shown in Figs. 1 and 2. 

TABLE I 


The Reaction to Vaccinia Virus in the Suckling and Hand-Fed Young of Immune 

Sows 




First litter 

Second litter 

Third litter 

1 

Sow 

Ko. 

Date of 
vacemation 

Date of 
birth 

No. of 
suck- 
ling pigs 
\'acd- 
nated 
and 
result 

No. of 
hand- 
fed pigs 
vacci- 
nated 
{ and 
result 

Dale of 
birth 

No. of 
suck- 
ling pigs 
vacci- 
nated 
and 
result 

Date of 
birth 

No. of 
suck- 
ling pigs 
>*acd- 
nated 
and 
result 

No. of 
hand- 
fed pigs 
\*acci- 
nated 
and 
result 


mo 

mi 



mi 


mz 



1 

Dec. 18 

Apr. 6 

3 -• 

4 + 

Oct. 1 

3 - 

Mar. 20 

3 - 


2 

Nov. 6 

May 1 

3 - 

1 + 

Oct. 18 

4 - 

Apr. 14 

3 - 

3 -h 


1931 




im 





3 

July 7 

Oct. 29 

1 - 

2-f 

Mar. 25 

3 - 







1 ± 








* — = no reaction; i = papular reaction; + = vesicular reaction. 


Case Reports of the Stickling and Hand-Fed Pigs from Vaccinated 

Sows 

Sow 1 was bom Mar. 28, 1930; bred for the first time Dec. 16; and vaccinated 
Dec. 18 with a t\-pical vesicular reaction. A litter of seven pigs was bom .Apr. 6, 
1931. Three young were placed with the dam and allowed to suckle. Four were 
fed by hand. The pigs of both groups were mednated .Apr. 13. The three suck- 
ling pigs failed to react during a period of 14 days. The four hand-fed pigs showed 
vesicle formation on the 4th day. One pig died at this time. The three remaining 
pigs showed beginning scab formation on the 8th day. .A suckling pig, of approxi- 
mately the same age, from a non-immunc sow was mccinated at the same time and 
reacted t\-pically. Scab formation began on the 6th dav. 

Sow 2 was bom Apr. 8, 1930; ^-aednated Xov. 6; and bred Feb. 10, 1931, for the 
first time. A litter of nine pigs was bom May 1. Three voung were placed with 
their dam to nurse and six were fed by hand. All of the young were %-acdnatcd 
May S. The three sudding pigs showed no reaction through a period of 2 weeks 
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Five of the hand-fed pigs died during the first 48 hours after vaccination. The 
remaining hand-fed pig showed vesicle formation on the 6th day and scabbing on 
the 9th. A suckling control pig farrowed by a non-immune sow was likewise 
vaccinated and reacted with the formation of vesicles which began to scab on the 
7th day. 

Sow 3 was born Mar. 28, 1930, a litter mate of No. 1; vaccinated July 7, 1931, 
with a typical reaction; and bred for the second time July 10. Four pigs were born 
Oct. 29. Two of them nursed their mother and two were fed by hand. They were 
vaccinated Nov. 5. One suckling pig showed no reaction during a 10 day interval. 
The other developed several papules on the 3rd day after vaccination. These 
began to scab on the 5th day without vesicle formation. The two hand-fed pigs 
reacted with typical vesicles which appeared on the 4th day and began to scab on 
the 7th. 

The three immune sows were rebred and the young of their second pregnancies, 
after vaccination, were tested for protection to vaccinia virus. The new-born 
pigs which numbered six, eight, and four, respectively, were all placed with their 
dams and allowed to nurse. On the 7th day after birth, three young from the first 
sow, four from the second, and three from the third were vaccinated and kept under 
observation for 10 daj's. In no case was any local reaction visible during this 
time. Two control pigs, the suckling j'oung of non-immune sows, reacted with 
the formation of typical vesicles. 

The fiirst two sows were rebred for the third time. They farrowed during the 
early spring of 1932, approximately 15 months after they were vaccinated. Sow 
1 had a litter of six pigs, all of which were allowed to suckle. Three of the nursing 
young were vaccinated without “take” on the 7th day. Eleven pigs were farrowed 
by Sow 2. Three of this litter were allowed to suckle and eight were fed by hand. 
Five of the latter group died before the 7th day of life. The other three were 
vaccinated at tliat time and showed t 3 ’pical vesicular reactions. 

DISCUSSION 

The combined vaccinated young of successive litters farrowed by 
the three immune sows numbered 34, of which 24 were suckled pigs and 
10 were fed by hand. Twenty-three of the first group showed no reac- 
tion to vaccinia virus introduced into the skin. They were completely 
protected against the concentration of virus used for vaccination. The 
acquired resistance, as will be sho'nm at a later time, was of relatively 
short duration. One suckh’ng pig displayed an incomplete reaction, 
which progressed only to the formation of papules, indicative of a par- 
tial protection. The hand-fed pigs all responded to the presence of 
virus with the formation of typical vesicles. The only observed differ- 
ence in the reactions of hand-fed pigs and the suckling young of non- 
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immune dams was the somewhat delayed appearance of scabs in the 
case of the former. One pig in the group of suckling )'Oung whose 
dams were unprotected was farrowed by Sow 3 prior to vaccination. 
The susceptibility of this pig to vaccinia contrasted sharply vnth the 
resistance of the suckling yoimg from the same sow following 
vaccination. 

In spite of a considerable loss of protective substance at each parturi- 
tion, two of the vaccinated sows continued to transmit protection to 
the suckling young of three consecutive pregnancies. The suckled 
pigs of the two litters showed no significant difference in the degree of 
resistance acquired by the ingestion of their dams’ colostrum. The 
time interval between the vaccination of the sow and the test vaccina- 
tion of the third pregnancy young was appro.vimately 15 months. The 
sow, meanwhile, had received no additional virus from an outside 
source. 

These observations indicate that protection against vaccinia in 
swine, initiated by the cutaneous introduction of mrus, may be trans- 
mitted from sow to young. They show, moreover, that the procine 
placenta is impermeable to any appreciable amount of protective sub- 
stance and that the function of immunity transfer is taken over by the 
colostrum. These conclusions coincide with those pertaining to the 
maternal transmission of antibodies in swine and suggest that similar 
controlling factors arc involved. 

SUMMARY 

The introduction of vaccinia virus into the skin of swine calls forth 
a typical vesicular reaction which raaj' be followed bj" a solid immunity. 
This acquired state of resistance was utilized in determining the route 
of immunity transmission from sow to young. The suckling young of 
immune sows, vaccinated on the 7th day or earlier, showed no reac- 
tion to the N-irus. Their hand-fed litter mates, however, were sus- 
ceptible and reacted with the formation of vesicles. These observ’a- 
tions indicate that the porcine placenta is largely impermeable to pro- 
tective substances and establish the fact that colostrum functions as 
the vehicle for their transmission as it does for antibodies. 

The writer is indebted to Mr. E. R. Ring for his meticulous super- 
Ndsion of the feeding and handling of the young pigs. 
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EXPLANATION OF PLATE 43 

The skin reactions, on the 4th day after vaccination, in 5 ’’oung pigs from the 
third litter of Sow 2. 

Fig. 1. Suckling young with only the scab covering the original scratches visible. 
Fig. 2. Hand-fed young with discrete and confluent vesicles visible along both 
scratches. 
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EXPLANATION OF PLATE 43 

The skin reactions, on the 4th day after vaccination, in young pigs from the 
third litter of Sow 2. 

Fig. 1. Suckling young with only the scab covering the original scratches visible. 
Fig. 2. Hand-fed young with discrete and confluent vesicles visible along both 
scratches. 





STUDIES ON THE BLOOD CYTOLOGY OF THE RABBIT 
'IX. Blood Platelet Counts on Healthy Male Rabbits 

By albert E. CASEY, M.D., and PAUL D. ROSAHN, M.D. 

{From the Lahoralories of The Rock^dler Insliliile for Medical Research) 
(Received for publication, July 14, 1932) 

During a study on the hematological constitution of the rabbit tmder 
various conditions and circumstances (1-8), observations were made, 
as opportimity permitted, on the platelet count of the peripheral blood 
of healthy rabbits. The animals, as far as could be determined by 
continued inspection and body weight values, were free from disease 
conditions, such as snuffles, which may occur in the laboratory stock. 
Similar observations carried out on other rabbits which could not be 
considered healthy according to these criteria have been excluded from 
analysis. Within the prescribed limits, therefore, it may be assumed 
that the results obtained and herewith presented represent a fair 
sample of the platelet values of healthy laboratory rabbits. 

Material and Methods 

This studj’ is based upon 991 platelet determinations made on 148 male rabbits 
during the 1\ j’car period between Nov. 8, 1929, and May 15, 1932. All animals 
were in good ph>-sical condition and apparently free from any disease during the 
entire period of observation which continued for 3 weeks after the last count. 
The criteria of health included the features of nutrition and weight, as well as 
vigor, alertness, appetite, and condition of the fur. The occurrence of such condi- 
tions as a purulent nasal discharge, car canker, subcutaneous abscess, or diarrhea 
was considered sufficient to eliminate the coimts on such an animal from the present 
analysis. The results include all coimts made on each animal fulfilh'ng the above 
requirements. 

Rabbits from two sources were employed; those purchased from dealers and 
those bred in the laboratory. The animals purchased from dealers were repre- 
sentative of the tj-pes commonly employed, that is, grej-s, browns, and Flemish 
crosses with an occasional black or albino. The rabbits bred in the laborator>- 
consisted of pure and of hybrid t%T>cs (Tabic I). The animals were 4 to 12 months 
of age; 6 were 18 months old. 

Each animal was kept in an indiiddual cage in a well ventilated, sunny room. 
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The diet from Nov., 1929, to Sept., 1930, consisted of hay, oats, and cabbage. In 
Sept., 1930, the cabbage was replaced by artificial food pellets and a free supply 
of water. 


TABLE I 


991 Blood Platelet Counts upon 148 Healthy Male Rabbits Distributed According to 

Animal Breeds 


Breed (pure) 

No. of 
rabbits 

No. of 
counts 

Breed (hybrids) 

No. of 
rabbits 

No. of 
counts 

Sable 

2 

1 

8 i 

Albino-Himalayan 

17 

75 

Silver 

2 

10 

Dutch-Himalayan- 

5 

17 

Chinchilla 

5 

25 

Albino 



Polish 

6 

30 

Lilac-English 

1 

2 

Havana 

13 

59 

(Purchased from 

29 

474 

English 

18 

81 

dealers — composi- 



Dutch 

10 

44 

tion unknown.) 



Beveren 

10 

48 

Brown, grey, etc. 


1 

Gouda 

5 

23 




Himalayan 

19 

68 




Belgian 

6 

27 




Total 

96 

423 

Total 

52 

568 




Fifteen groups of rabbits were examined as shown in Table II. Elimination of 
diseased animals is responsible for the smaller number of animals comprising many 
of the groups. The actual number of animals eliminated is as follows: Group I, 
5; Group II, 6; Group III, 4; Group IV, 8; Group V, 3; Group ITI, 3; Group VIII, 
6; Group "KM, 10 rabbits respectively. 

In general, 4 to 5 platelet counts were made on an animal, but the intervals 
between coimts were variable. From the standpoint of the time interval, the 
animal groups fall into three categories. The first is represented by Group V 
(Table II) in which regular weekly blood e.xaminations were made over an initial 
period of 9 months and biweeklj’- over a subsequent period of 8 months. The sec- 
ond is represented b}^ Groups I, II, III, IV, VI, XI, XII, XIII, XIV, and XV in 
which 2 to S counts were spread over a period of 1 to 2 weeks. The third category 
is represented by Groups VII, VIII, IX, and X, on each animal of which 4 succes- 
sive platelet counts were made on the same day from the same ear vein incision. 

In Table III is shown the distribution of the animals and counts bj’- months. 
During the 21 year period between Nov., 1929, and May, 1932, platelet counts 
were made in the following 21 months: Nov. and Dec., 1929; Jan., Oct., Nov., Dec., 
1930; Jan., Feb., Mar., Apr., May, June, Sept., Oct., Nov., Dec., 1931; and in 
Jan., Feb., Mar., Apr., May, 1932. No counts were made during the months of 
July and August, and only once in June and September. During these 21 months 

















TABLE n 


Daia on Animal Maierid Used for Flaielel Coimls 


Source of animals 

Group 

No. 

No. of 

; animals 

; Date of first count 

Date of last count 

No. of 
counts 

Purchased from deal- 

I 

7 

Nov. 

8, 1929 

Nov. 

19, 1929 

28 

ers 

n 

6 

Dec. 

31, 1929 

Jan. 

14, 1930 

30 


in 

2 

Jan. 

15, 1930 

Jan. 

17, 1930 

4 


rv 

mm 

Oct. 

30, 1930 

Nov. 

13, 1930 

21 


V 

B 

Oct. 

30, 1930 

May 

15, 1932 

391* 

Bred in the labora- 

VI 

8 

Dec. 

31, 1929 

Jan, 

14, 1930 

40 

toiy 

VII 

11 

Mar. 24-25, 1931 

Mar. 24-25, 1931 

36t 


vni i 

5 

May 19-20, 1931 

May 19-20, 1931 

20 


DCl 


June 10-12, 1931 

June 10-12, 1931 

40 


X 


Sept. 17-18, 1931 

Sept. 17-18, 1931 

39t 


XI 

6 

Apr. 

21, 1931 

Apr. 

28, 1931 

13 


xn 

10 

Nov. 

5, 1931 

Dec. 

3, 1931 

50 


xni 

5 

Mar. 

24, 1932 

Mar. 

29, 1932 

32 


XIV 

23 

Mar. 

22, 1932 

Mar. 

30, 1932 

92 


XV 

31 

Apr. 

12, 1932 

Apr. 

26, 1932 

155 

From dealers 

5 

29 

Nov. 

8, 1929 

May 

15, 1932 

' 474 

Laboratory bred 

10 

119 

Dec. 

31, 1929 

Apr. 

26, 1932 

517 

Total 

15 

148 

Nov. 

8, 1929 

Apr. 

26, 1932 

991 


* One animal died through accident. 
1 8 coimts lost. 

1 1 count lost. 


TABLE ni 


PPJ Blood PlaieJcl Counts upon 14S Ilcallhy Male Rabbits Distributed According to 

Months {lPZP-32) 


Month 

No. of rabbits 

No, of counts 

Month 

No. of rabbits 

No. of counts 

Sept. 

10 


Mar. 

45 

207 

Oct. 

14 


Apr. 

43 

229 

Xov. 

31 

127 

May 

IS 

57 

Dec, 

31 

83 

June 

16 

52 

Jan. 

23 

119 

July 

0 

0 

Feb. 

7 

40 

Aug. 

0 

0 

Total 





991 
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blood for platelet counting was taken on 90 different days, usually Tuesda}^, 
Thursdays, or Fridays, Approximately 11 platelet counts were made, therefore, 
on each day on which animals were bled. 

The observations were usually made between 9 and 12 a.m., but a large number 
were also made between 2 and 4 p.m., and the examinations were always carried out 
on animals which had received no food since the previous day. The platelet 
values were determined according to the method described by Casey and Helmer 

TABLE IV 


Blood Platelet Counts on Healthy Rabbits 


Mean of class 

Frequency 
of counts 

Frequenej’ 

Summary of observed and estimated values 



Per cent 




150,000 

1 

0.1 

Mean 


532,645 per c.mm. 

200,000 

3 

0.3 

Median 

= 

520,604 per c.mm. 

250,000 

5 

0.5 

Mode 

= 

503,962 per c.mm. 

300,000 

20 

2.0 

Maximum 

= 

1,120,000 per c.mm. 

350,000 

56 

5.7 

Minimum 


170,000 per c.mm. 

400,000 

97 

9.8 

Standard deviation 

SS 

124,960 per c.mm. 

450,000 

148 

14.9 

Standard error of 



500,000 

182 

18.4 

the mean 

= 

3,970 per c.mm. 


153 

15.4 

Standard error of 




111 

11.2 

the standard de- 




97 

9.8 

viation 

= 

2,808 per c.mm. 


56 

5.7 

Ti 

= 

4-0.558 ± 0.078 

750,000 

24 

2.4 

TS 

= 

4-0.872 ± 0.156 

800,000 

14 

1.4 

Coefficient of vari- 



850,000 

10 

1.0 

ation 

= 

23.46 per cent 

900,000 


0.7 




950,000 


0.4 




1,000,000 


0.2 




1,050,000 

0 

0.0 




1,100,000 

1 

0.1 





(9) and by Casey (10) in which Ringer’s solution, containing a small amount of 
heparin, is used as the diluent. The blood is taken up in an ordinary red blood 
cell pipette and a red blood cell count made in the usual manner TOth a Neubauer 
chamber. After the red blood cells have been counted, the blood platelets are 
counted in the same preparation with the low power dry lens; the platelets appear 
as black refractile bodies about one-tenth to one-half the size of a red blood cell. 
The technical error* in this procedure has been found to be 8 per cent which is 

* The coefficient of variation due solely to technique is called the technical error 
in this instance. 










smaller than those found in any of the other methods tested and compares with a 
5 per cent error for red cell and an 11 per cent error for white cell determinations. 

The usual statistical methods were employed in analj'zing the results obtained 
(11-13). A difference was considered to be significant when it was more than 2| 
times its standard error; that is, when the probability of its occurrence by chance 
was less than 1 in 100. The mode was calculated by an application of King’s 
formula. 



KEStn-TS 

The results of the statistical analysis of 991 blood platelet counts 
on 14S healthy male rabbits include estimated values for the mean 
the mode, the median, the ma.-dmum, the minimum, the standard 
dcNuation, the standard error of the mean and standard derdation 
and the cocfhdent of variation (Table W, Te.'ct-fig. 1). The value 7,’ 
indicates that the distribution cur%-e resulting from the particular de- 
terminations selected is significantly skewed to the right. The value 
7.. indicates tliat this dislribuUon docs not follow the normal curve of 
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error, being heaped up too high on the top and cut too tliin at the 
shoulders. 

The lines marked A and A' in Text-fig. 1 are separated from the 
mean value of 533,000 by an interval equal to twice the standard de^da- 
tion. The lines marked B and are separated from the mean by an 
interval equal to 2| times the standard deviation. This signifies that 
counts less than the value represented by A or greater than the value 
represented by A' should not be expected to occur among healthy ani- 
mals (if the animals selected constitute a fair sample and the real 
distribution is normal) more often than once in 22 counts. In like 
manner, values less than B or greater than B' should not be expected 
to occur more often than once in 100 coimts. On this basis one might 
expect a platelet count greater than 1,000,000 per c.mm. or less tlian 
100,000 to occur but once in 1,000 counts among healthy male rabbits. 

The results of the present study indicate tliat a platelet count of more 
than 280,000 and less than 780,000 per c.mm. should be considered as 
normal while values of less than 220,000 or more than 820,000 per 
c.mm. should be designated as abnormal, regardless of the breed, time 
of the year, or other factors. 


DISCUSSION 

If platelet counts were made on representative types from all the 
standard breeds of rabbits and their hybrids, such counts being done 
at intervals of the day, week, month, year, and era; under various con- 
ditions of diet and housing; in dlfiferent localities in the world, with 
various technical methods, a relatively accurate analysis of the blood 
platelet count in healthy adult male rabbits might be attempted. 
Since such extensive information is difficult to obtain, any one group of 
workers must strike some sort of compromise and then strive to eval- 
uate the dependability of the results obtained. 

Under Material and Methods some pains were taken to describe 
fuUy just what sort of compromise was entered into in collecting the 
present series of counts. It is now necessary to attempt an evaluation 
of these points of compromise. 

Time . — ^The time of the day, week, month, and year in which the 
platelet counts were made might affect the results obtained. As to 
lime of the day, the blood was taken between 9 and 12 a.m. and be- 
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tween 2 and 4 p-m. In an investigation of the material two groups of 
rabbits with 13 and 11 animals respectively were counted on 4 days 
distributed over a period of 2 weeks. It so happened that Group I 
was counted between 9 and 12 a.m. on the 1st and 3rd days and between 
2 and 4 p.m. on the 2nd and 4th days; Group II, on the other hand, 
was bled between 2 and 4 p.m. on the 1st and 3rd days and between 9 
and 12 a.m. on the 2nd and 4th days. IVhen all counts (48) made in 
the morning were averaged and compared with aU counts made in the 
afternoon (48), a difference of 3,917 ± 12,768 e.risted between the 
respective means. Since the difference between morning and after- 
noon counts was less than twice its standard error, it would not seem 
likely that such variations as might occur during the remaining 12 
hours of the day would materially alter the population figures for 
platelet counts obtained. 

As to day of the week, counts were made on 90 different days during 
this 2| year period particularly on Tuesday, Wednesday, Thursday, 
and Friday, but also to some extent on Monday and Saturday. The 
day of the week, therefore, would not be e.xpected to offer particular 
bias in the results obtained. 

As to the month of the year, means w’ere calculated of all counts 
made in each of the 10 months followed. These ten monthly means 
w'ere added and a mean for the entire 10 months of 524,759 ± 12,348 
obtained. This differs from the general means of 532,645 by 7,876 ± 
13,524. Since the difference was less than its standard error, even 
with the addition of the estimated values for July and August, the 
general mean if calculated bj-- months would not be significantly differ- 
ent from the mean obtained upon the 991 counts. 

Breed . — Of the 30 or more recognized standard breeds of rabbits 
about 15 are of medium or small body build and most of these are 
represented in our series. Counts were made also upon the hea\ner 
breeds such as New Zealand, .\mcrican Blue, Flemish Giant, but these 
animals adapted poorly to cage life and were not in good physical con- 
dition. Their counts were eliminated from this series. 

The means of all the counts made on each breed were calculated and 
from these 15 breed means a grand mean of 559,000 was obtained 
This differed from the general mean by 26,995 ± 13,524 Since it is 
not quite twice the standard error of the difference, the disproportion- 
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ate number of counts on certain breeds did not seem to significantly 
affect the results obtained. Also the breeds of animals showing high- 
est platelet counts were nearly all counted in the months of the year 
when the blood platelets are highest; therefore, the blood platelet 
level for breeds is possibly higher than it might be if seasons of the year 
were held constant. 

The possible difference between pure breeds and hybrids was also 
considered. Analysis of mean platelet counts upon 96 pure breed 
rabbits was 545,687 ± 8,564 and upon the 23 laboratory bred hybrids 
549,551 d= 17,876. The difference of 3,864 ± 19,821 did not indicate 
a difference in pure breeds and hybrids which would materially alter 
the values obtained. 

Source of Animals . — ^It was stated that 29 animals were purchased 
from dealers whereas the remaining animals were bred in the laboratory. 
The mean platelet counts in the 29 rabbits obtained from dealers was 
523,517 ± 17,243. This differed from the mean for the 119 labora- 
tory bred rabbits (546,434 ± 7,622) by 22,917 ± 18,830 and was not 
significant. 

Means for Individual Animals . — Since a large number of counts 
were made upon each of a single group of 6 animals, the question arose 
as to how far the mean and standard deviation might be affected by 
this type of bias. To this end the mean platelet count was obtained 
for each of the 148 rabbits in this series. A general mean was then 
obtained for these 148 means and found to be 543,245 ± 6,915. This 
differed by 10,000 ± 7,973 from the mean of the 991 counts in the same 
animals and was not significantly different. Again the standard devia- 
tion of the 517 counts made on laboratory bred rabbits did not differ 
from the standard deviation obtained for the entire 991 counts. It 
was concluded, therefore, that the large number of counts upon the one 
group did not materially affect the mean and standard deviation 
obtained. 

The rabbits were selected on the basis of physical fitness and appar- 
ent freedom from disease. Our ability to select appropriate animals, 
therefore, entered into the results obtained. It is possible and also 
probable that some animals with internal disease conditions may have 
been included. The question arises as to whether the skew to the 
right in the frequency curve is due to the inclusion of such individuals. 
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The only available information on this point is indirect. The mean of 
all platelet counts on the 48 rabbits eliminated from this series because 
of visible disease or malnutrition was 655,188 per c.mm., that is, a 
value which exceeds by 122,543 the mean of the apparently normal 
animals. This difference which is more than 6 times the standard 
error of the difference is, therefore, highly significant. When the 
platelet counts on these 48 externally diseased rabbits were included 
in the frequency curve, together with those of the normal rabbits, the 
mode was not affected (503,962) but the mean was significantly higher 
(560,471) and the skew to the right in the curve was marked. The 
removal of the counts on the diseased animals from the frequency curve 
greatly reduced the skew, and it is possible, therefore, that the skew 
would have been further reduced if the animal material could have 
been more rigorously selected. 

Diet . — ^It was mentioned in the section on Material and Methods 
that the diet was altered in September, 1930. The mean of all plate- 
let counts (102) on normal animals (23) made prior to the change was 
526,400 ± 12,727 and of (205) counts on (24) rabbits made after the 
change in the same 3 months of November, December, and January, 
521,465 ± 8,474 per c.mm. respectively. The difference between the 
two means, 4,935 ± 15,290, is less than twice the standard error of the 
difference, so that the change in the diet cannot be said to have sig- 
nificantly affected the mean values of the platelet coimts. 

It should be pointed out that although no significant changes oc- 
curred in platelet values of the present series which could be ascribed 
to differences in source of animals, diet, or method of counting, it is 
possible or perhaps probable that such related changes could occur. 
The experiments were not arranged to bring out such differences, but, 
on the contrar}% to minimize them if they were present. As far as 
can be ascertained at present, all that one can say is that in this se- 
ries no individual factor appeared to exert a significant bias in the 
results. 

Other features of the technique employed which might affect the 
results were the fact that the counts were made on fasting animals and 
that the procedure of platelet enumeration was different from that 
commonly used. Conditions of housing and climate and the j’cars in 
which the study was made are other factors which theoretically might 
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4. It was calciilated that in healthy male rabbits a platelet count of 
less than 220,000 or more than 845,000 per c.mm. should be considered 
abnormal. 
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4. It was calculated that in healthy male rabbits a platelet count of 
less than 220,000 or more than 845,000 per c.mm. should be considered 
abnormal. 
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THE TEANSMISSION OF NEUROTROPIC YELLOW FEVER 
VIRUS BY STEGOMYIA MOSQUITOES* 


Bv NELSON C. DAVIS, M.D., VTIAY LLOYD, M.D., and MARTIN 
FROBISHER, Jr., Sc.D. 

{prom the Yellow Fever Laboratory of the Rockefeller Foundation, Bahia, Brazil) 

(Received for publication, July 25, 1932) 

Studies on transmission of neurotropic yellow fever virus by mos- 
quitoes have a bearing on the practical problem of vaccination against 
yellow fever by the method of Sawyer, Kitchen, and Lloyd (1), and 
on the more theoretical question of reversion of neurotropic virus to 
the viscerotropic type. 

Dinger (2) has reported the production of typical visceral lesions in 
monkeys by mosquitoes which carried a strain of neurotropic virus. 
The insects had been induced to feed on a mixture of infected mouse 
brains and normal blood. However, the strain of virus had been 
adapted to mice quite recently (tenth to twelfth passages). We are 
convinced that the longer established French strain (Theiler (3)) acts 
somewhat differently in mosquitoes. 

The present method of vaccination (1) calls for the injection of a small 
dose of living neurotropic virus, and for the simultaneous administra- 
tion of large amounts of immune serum. Considering the small dosage 
of virus used and the difficulty with which mosquitoes acquire infec- 
tivity with the strain, it is inconceivable that vaccinated persons might 
become a menace to their fellows even in the absence of isolation and 
protection by screens. 

On Nov. 22, 1931, F.L.S. was vaccinated by the usual procedure. 15 hours 
later he was fed upon by more than 150 stegomjda mosquitoes (Lot 669). On 
Dec. 22, 1931, M. rhesus BIO was inoculated Lntracerebrally with 1 cc. of foreign 
scrum (as a mild irritant) and was fed upon by the mosquitoes immediately afler- 

* The studies and obser\'ations on which this paper is based were conducted 
with the support and under the auspices of the International Health Di\Tsion of 
the Rockefeller Foundation. 
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In the single experiment included in Table I in which artificial feeding was em- 
ployed, the insects of Lot 648 fed on an infected brain-normal blood mixture through 
the shaven and scraped skin of a recently killed guinea pig. During the time of 
feeding the lot was divided; some of the insects were kept at incubator temperature 
{37°C.), and the others were left at room temperature (27°C.). At neither tem- 
perature was feeding satisfactorj', but in the cage kept at 27'’C. more mosquitoes 
were found afterwards with visible blood in their abdomens. 

From the combined lot thirteen insects, which contained recentlj' ingested in- 
fective material, were ground up in 3 cc. of 10 per cent normal monke3' serum; of 
thU suspension, 0,25 cc. was injected subcutaneously into each of six suckling mice. 
Three of the latter died within 48 hours; one was dead and two were sick on the 6th 
day. Transfer of brain material from the sick animals brought down the sub- 
inoculated groups with j'eUow fever on the 4th day. 22 days later (Nov. 11) the 
remaining mosquitoes in Lot 648 were allowed to feed on M. rhcsiis A6, On Nov. 
18 and 19 the monkey had a slight fever. On Nov. 23 his temperature suddenly 
rose to 106°F., and it remained above 105°F. during Nov. 24 and 25. On Nov. 26 
the temperature dropped to 100°F. The animal was discovered lying down — 
weak, but excitable. There was present marked tremor of arms and head, occa- 
sional nystagmus, well developed wrist drop, some muscidar incoordination, and 
difficulty in walking. These signs remained salient for 4 daj-s, and never entirely 
disappeared. Blood taken 7 days after the last fever gave perfect protection 
against virus in mice. The temperature of the animal continued almost constantlj’’ 
subnormal, and weakness became progressively more marked. On the 10th 
day after the last fever the monkey was killed when moribund. 

As judged by the symptoinatolog>' of rhesus monkeys inoculated 
intracerebrally with neurotropic virus (4), the syndrome presented by 
this monkey immediately after fever was that of acute encephalitis. 
It w’as conjectured that the virus localized in the brain because of 
irritation resulting from an old depressed fracture in the right frontal 
region of the cranium. However, this old injury may have played no 
part in the etiology of the acute infection. At the time of death 
encephalitis had somewhat subsided clinically. Nevertheless upon 
microscopical e.xamination a few vessels with cuffing were found in 
Ammon’s horn and in the brain stem; necrotic ganglion cells were 
noted in the medulla oblongata. 

It seems unnecessary to describe in detail the other experiments 
mentioned in Table I. The table, with its obser\’ations and footnotes 
is self-explanatorj'. Although circulating \nrus was present in every 
source animal at the time of mosquito feeding, and was sometimes 
verified in the freshly fed mosquitoes, it was not always proved to be 
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TABLE n — Concluded 
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present in the mosquitoes at later dates, hlany animals died from 
secondary infections foUo^nng injection of mosquitoes, before yellow 
fever had time to develop. 

The suspensions of mosquitoes used for intracerebral inoculation of 
mice in tlie experimental work listed in Tables I and II were dilutions 
of 1:20 to 1:50 in 10 per cent normal monkey (or normal human) 
serum, centrifuged but not filtered, unless otlienuse stated under 
Observations. 

In Table II is summarized an attempt to maintain mouse virus in 
rhesus monkej’S, witli intermediate passages tlirough mosquitoes. 

On Nov. 13, 1931, If. rhesus A9 was inoculated subcutaneously with 5 cc. of a 
10 per cent suspension of infective brains, from tlie 167tl\ passage of the French 
strain of yellow fever ^•irus in mice. Serum from tl»is monkey was injected intra- 
cerebrally into mice daily for 10 da>'S following introduction of virus. That taken 
at 23 hours and at 46 hours proved to be infective; later injections of serum caused 
no deaths among the mice. Suspensions of freshly fed mosquitoes of tlie 2nd day 
and of the 5th day were infective for mice. The mosquitoes of the 2nd day later 
failed to transmit yellow fever; those of the 5th day were not tested further. Sera 
of the 1st and 2nd da\-s (Nov. 14 and 15) were injected intrapcritoncally into 
rhesus AlO. The latter dc\ulopcd a high fever (maximum temperature 105.S°F.) 
on the 9th to 11th days after the injection; rhesus A9 never had a fever. 

Mosqmto Lot 667^ was allowed to feed on il. rhesus .\10 on Nov. 18 and 20, 
before the development of fever. The blood taken on Nov, 23 (1st day of fever) 
was non-infective for mice and gave a positive protection test against yellow fcNur 
virus. On Dec. 19 mosquito Lot 667 fed on 3f. rhesus BS. On the 4th day after- 
ward fresh mosquitoes (Lot 690) engorged on the s.amc monkey. On the 7th day 
(Dec. 26) the animal had a temperature of 105.4'’F. Mosquito Lot 690 was 
allowed to feed once more. Blood transferred to M. rhesus B 1 1 at this time caused 
no reaction, although the recipient was imnninired by the injection. On Dec, 
28 (3rd day of fever) 3f. rhesus BS showed very definite neurological signs. Synip- 
tomatologv’ included: paresis of arms, more marked on right; wrist drop; weak- 
ness; tremor of head and limbs, most marked in right arm; occasional nvatagmus; 
incoordination, with difliculty in walking and in righting himself; crossing of arms 
when in sitting posture; hiding of head against side of cage or on floor; loss of fight; 
sharp, shrill cries. In the afternoon of the same day the temperature was found 

' .\s a routine, female stegomyia mosquitoes are placed 180 to 200 to a cage. 
IMicn 1 to 2 weeks old nearly all of them engorge when a monkey is introduced 
directly within their cage. It is safe to say that a batch or lot of freshli- fed mos- 
quitoes after the removal of the non-engorged and after due allowance for deaths 
since original counting and separation, consists invariably of well over ISO insects 
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ture of 104°F. The blood at that time was infective for mice, killing all six of 
Group R823. On the 3rd day the temperature of M. rhesics C5 reached 105.8°F. 
There was a remission on the 6th day followed by fever until the 10th day, when 
the temperature again fell below 104°F. On the afternoon of that day the monkey 
was very weak, and evidently moribund; there were no definite neurological signs. 
Autopsy showed diffuse tuberculosis. Brain substance from this animal, both 
that filtered through Berkefeld N and that which was unfiltered, proved fuUy 
virulent to mice (Groups R829 and R830). The virus acted in all respects like the 
fixed neurotropic strain of yellow fever virus. Sections from the brain of M. rhesus 
C5 did not show as typical an encephalitis as those from Monkeys B8 and Cl. 
There was a little hemorrhage into the pia-arachnoid over the medxdla; a few 
vessels in the pons showed perivascular infiltration. 

In the series an autopsy was performed upon but one other monkey, M. rhesus 
C7. This animal had received serum intraperitoneally from M. rhesus C5. Fever 
developed on the 9th day, at which time he was bound and put into a cage for 
mosquito feeding. WTule there he collapsed. He was removed in a moribund 
condition. The brain showed no perivascular infiltration, but occasional ganglion 
cells were degenerated (nuclear fading; c 3 rtolysis). Senun from M. rhesm C7 was 
non-infective for mice. However, brain emulsion filtered through Berkefeld candle 
V killed three out of six mice (Group R831) inoculated intracerebrally; subinocu- 
lated mice were killed promptly on the 4th day, precisely as with fixed neuro- 
tropic yellow fever virus. 

In the four animals studied at autopsy neither the macroscopic nor 
the microscopic lesions were typical of those caused by viscerotropic 
yellow fever virus. In none of the animals did the liver show necrosis. 

It was thought upon starting the experiment that repeated passage 
through mosquitoes might cause a reversion of the virus from the 
neurotropic to the viscerotropic type. Such a reversion was not 
demonstrated. Apparently the virus became progressively weaker 
and died out in the sixth passage from mice. It is quite possible that 
mosquitoes w’ere not allowed to feed at the right time for picking up 
the maximum amount of virus. At the time of fever the blood of 
several monkeys was shown to be non-infective. Since it was im- 
possible to rely’ upon fever as a guide, the time for feeding mosquitoes 
had to be chosen quite arbitrarily. 

In Table I it will be noted that mosquitoes became infected by 
feeding on mice at a proper interval after the inoculation of the latter 
witli large amounts of ncurotropic xunis. In Table II there is recorded 
the infection of mice by the bites of mosquito Lot 667, which obtained 
its infcctiv; blood meal from M. rhesus AlO, 47 days pre\'iously. The 



864 


OP VP 

group (^710^ . 

one show^g co^Te^pf ^ old 

f r ease. 

“ “d engorged rapidly Mosquitoes 

. MoydaudPennaftU 

elange in the nature “'■" “nfirmatory ^ever 

*« not signify an attend."™"' ^^e adaptaUo° r “ dnndamental 
Still lethal for r//«.-- "^^tion; under certain brains 

‘-"-•ently invS: 7 not^?- 'o'^s is 

^dneys; and final lo’calLT''^'"^ '“’'’os ere proH <>"1^ 

ervous system. This is tr°” °““es Predominantlv '“"d 

There may be means of in^ “ ^ter passaae '"' “ «■« 

>>01 such means have not ”® ® ‘'e^rsion to tte*"™"®^ mosquitoes. 

«ool yet been discovered by ^ "'“™'eopic t^pe, 

^y the bites f suiuiajjy 

2 . The fixed neurotron' • in 

maintained in the 

of paucity in the b,ooJ‘T amount of '= doubt- 

'■shed neumlr"”™'^ 

‘'■oparent Pren'cL^at*"’ '■os cCnt^d 



N. C. DAVIS, W. LLOYD, AND SI. FROBISHER, JR. 


865 


REFERENCES 

1. Saw>'er, W. A., Kitchen, S. F., and Lloyd, W., Proc. Soc. Exp. Biol, and Med., 

1931, 29, 62; /. Exp. Med., 1932, 65, 945. 

2. Dinger, J. E., Zetitr. BakL, 1. AM., Orig., 1931, 121, 194, summary in Trap. Die. 

Bull., 1931, 28, 722. 

3. Theiler, iL, Ann. Trap. Med. and Parasilol., 1930, 24, 249. 

4. Lloyd, W., and Penna, H. A., Brazil-med., 1932, 46, 9. 

5. Sellards, A. W., Proc. Nat. Acad. Sc., 1931, 17, 339. 

6. Goodpasture, E. W., Am. J. Path., 1932, 8, 137. 




THE CELLULAR REACTIONS TO LIPOID FRACTIONS FRO^I 
ACID-FAST BACILLI 


Bv KENNETH C. SinTHBURN, M.D., akd FLORENCE R. SABIN, M.D. 
{From the Laboratories of The Rockefeller Institute for Medical Research) 

Plates 44 to 46 

(Received for publication, July 7, 1932) 

The biological tests thus far made in this laboratory (1-12) with 
chemical fractions isolated from or liberated by the growth of tubercle 
bacilli have been directed toward a clearer imderstanding of the tissue 
changes in tuberculosis and the role of the various chemical factors in 
the production of these changes. Sabin (12) and Anderson (13) have 
recently made critical reviews of the earlier chemical and biological 
investigations of tubercle bacilli and analyzed the results obtained by 
the various groups now working under a plan for cooperative research 
on tuberculosis (14). 

The lipoid portion of the organisms, notabh' a phosphatide constituent, pos- 
sesses the capacity of producing tubercular tissue; that is, epithelioid cells and 
giant cells (1-5, 9). The so called waxes cause a proliferation of fibroblasts (9). 
The acetone-soluble fat induces proliferation of all connective tissue cells and of 
blood vessels, and causes hemorrhage (15). The pol>-saccharide is chemotactic 
for and toxic to leucocj’tcs (6, 9). The protein is probably responsible for fever, 
and in addition causes a proliferation of plasma cells (16). 

Bj’ means of the recent observ^ations it has been possible to divide 
the disease, so to speak, into several parts, for each of which a particu- 
lar chemical fraction of the bacilli is responsible. 

Sabin and Doan (2) made cultures from the phosphatide and from 
the tissues of animals which received the phosphatide, with consis- 
tentU' negative results. Nevertheless, in the present study cultures 
and stains for acid-fast organisms have again been made to rule out 
contamination of the phospholipins by living, dead, or partially de- 
fatted organisms. Furthermore, a comparison has been made between 
the reactions produced in the tissues by the heat-killed and partially 
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of cell affected by tbe foreign material. The omentum participates most actively 
in the reaction and is well adapted for study either of fresh tissue or fixed material. 
The subcutaneous route is better for determining the quantitative reaction. The 
reaction in the lung offers a comparison with tuberculosis itself, and an opportunity 
to study the effects in a site where there is a minimal amount of connective tissue. 

For the intraperitoneal route the usual dose of the phosphatide was 80 mg. in 
aqueous suspension. The reaction has been studied after from one to thirteen 
injections. In some instances a single massive dose was given and the tissues were 
studied about 2 weeks later. Each animal receiving the divided doses was killed 
by intravenous injection of air 24 hours after the last injection. Fresh tissues were 
studied by the supravital method. Blocks of tissue were fixed in Helly’s mixture, 
embedded in paraffin, sectioned, and stained with hematoxylin and eosin, and by 
Giemsa’s method. 

The Phosphalide from Human Ttibercle Bacilli 

A. Evidence Thai the Phosphatide Is Phagocylized . — If a small granule of the 
phosphatide be placed on a slide with a drop of water over which is a thin cover- 
slip, the material first has a granular appearance under the microscope. However, 
within a few minutes the edges of the lipoid advance into the liquid and take the 
appearance of degenerating myelin. If this procedure be repeated, using a slide 
on which is a thin film of neutral red, the myelin figures take a faint pink stain. 
This stainmg reaction of the free phosphatide does not change on standing over- 
night. 

If a single layer of the fresh omentum of a normal rabbit which has received an 
intraperitoneal injection of the phosphoh'pin be studied on an unstained slide 
within 12 hours after this injection, the cells of the milk spots will be seen to con- 
tain these same myelin figures. They are contained in large vacuoles of irregular 
size and shape. Stained with neutral red, the myelin figures in many of the cells 
show the same staining reaction as the phosphatide alone. However, if the e.xami- 
nation be made at a later period, or if these cells with unaltered staining of the 
phosphatide be studied after a few hours, the material in the cj’toplasm becomes a 
deeper red. Fig. 1 shows one of these large cells containing the myelin figures. 
This photograph w'as made from a supravital preparation of peritoneal e.xudate 
of Rabbit R 1S02,‘ which had three doses of the phosphatide and was killed 24 
hours after the last dose. Note the large, irregular masses in the cytoplasm and 
that they all are of equal densit}'. Fig. 2 illustrates the appearance of these cells 
in fixed preparations. In the tissues of the guinea pig these cells may be seen 24 
hours or more after the phosphatide has been injected. Fig. 13 shows two cells 
from the supravital preparation of peritoneal exudate from Guinea Pig R 690. 
Note the appearance of degenerating myelin. The smaller of the two cells shows 
the phagocylized material in more finely divided form. Similar cells from fixed 
preparations of the omentum of the same animal arc shown in Fig. 14. 

> Tlicse arc serial numbers of animals used in this laboratory during a period 
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It is clear from these results that the cells of the milk spots phago- 
cytize the phosphatide. It will be shown that the hpoid undergoes a 
definite type of degradation within the cells, and that the cells which 
accomplish this process are derived from monocytes or their stem cells 
in the connective tissues. 

Everywhere in the connective tissues of the body are tiny foci of 
young, undifferentiated connective tissue cells and monocytes. In the 
omentum these foci are called the milk spots. In the interspaces be- 
tween the milk spots of the omentum are the fibroblasts and clasmato- 
cytes or macrophages — the latter probably always functioning with 
reference to substances passing through the omentum. It is the cells of 
the milk spots, however, which exhibit the specific response to tuber- 
culo-phosphatide (see Sabin, Doan, and Forkner (9, Fig. 4)). 

Rabbit R 2253 received two injections of 80 mg. eacb of the phosphatide from 
human tubercle bacilli intraperitoneall}’- at 24 hour intervals. The animal was 
killed 2 daj's following the second injection. The peritoneal fluid was slightly 
cloudy, quite cellular, and showed 75 per cent of cells of the monocyte series; that 
is, monocytes, stimulated monocytes, and epithelioid cells. The omentum was 
considerably thickened and there was an increase in botli tlie number and size of 
milk spots. In tlie supravital and unstained preparations of tlie omentum, 
peritoneal fluid, and retrosternal brniph nodes small amounts of the phosphatide 
could be seen free in the intercellular spaces. This lipoid looked like degenerating 
myelin, just as in the study of the phosphatide itself. In addition, numerous 
cells were seen, particular!}’- in the retrosternal lymph nodes, which were filled with 
the myelin figures: apparently unchanged phosphatide. In sections, the cyto- 
plasm of these cells was filled with clear spaces of var}dng size and shape. (Similar 
cells are shown in Figs. 1 and 2.) The nuclei contained one to three nucleoli. 
The cytoplasm was quite basophilic, and in many of the cells numerous mitochon- 
dria were seen. The cells of the omentum containing the myelin figures were 
confined almost wholly to the milk spots. However, many, if not the majority 
of the cells of the milk spots, and those in the retrosternal nodes contained vacuoles 
of reduced, uniform size, all of which stained the same color with neutral red. 
Cells similar in appearance but from other animals can be seen in Figs. 3 and 4. 
In the latter tlie process of intracellular dispersion of the lipoid into finer and finer 
particles had already begun. 

Rabbit R 1802 received three daily injections of SO mg. each of the H-37 phos- 
phatide intraperitoncally and was killed 24 hours after the last dose. The milk 
spots of the omentum were markedly stimulated and there were many epithelioid 
cells in the interspaces which had become dilTusely involved. There were moderate 
numbers of active granulocytes in the supravital preparations of the peritoneal 
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flxlid and in the omentxim. All transitions from the most primitive mesenchjTnal 
cell to the tj'pical fine vacuole epithelioid cell could be seen in the omentum, al- 
though the latter vrere not numerous. Many cells with large ^'acuole3 of irregular 
size and shape (Fig. 1), all of which took the same stain with neutral red, were 
present in the omentum and peritoneal fluid. Again the phagocjdized material, 
tuberculo-phosphatide, had the appearance of degenerating mN-elin. 

Guinea Pig R 2254 received three injections of 40 mg. each of the H-37 phospha- 
tide intraperitoneaUy at 24 hour inten,'als and was killed 4 hours foUouing the 
last dose. The omentum was enormously thickened. The milk spots were large 
and increased in number. Numerous small, white flakes appeared on the visceral 
and parietal peritoneum. The jreritoneal fluid was thick. The unstained spread 
of the omentum showed that the milk spots were bright and refractile while the 
interspaces were duller. The large phagoQ'tic cells in the milk spots showed 
definite myelin-like figures in the cj-toplasm. (Similar cells are shown in Figs. 
13 and 14.) In the supravital preparations some of these myelin-like masses were 
pale pink, while in other cells the TOCuoles were still of the same irregular shape 
and size but stained more deeply. After 2 hours at room temperature many of 
the pale cells became more deeply stained, even though the cells were ob\dously 
still alive. These cells, derived from monocj'tes, which contain myelin-like 
masses in large \’acuoles of irregular size and shape but uniform staining reaction, 
utII henceforth be called first stage epithelioid cells. 

B. Etidatce That the Phosphatide Is Degraded within Cells . — 24 hours after a 
single dose of the phosphatide from the human tubercle bacillus, the milk spots of 
the omentum appeared enlarged: when examined microscopically it could be seen 
that the young cormective tissue cells and monocj’tes had phagocj-tized the 
phosphatide in large quantities (Rabbits R 819, R 2122, and R 2185 in Table I). 
The lipwid was in large vacuoles of irregular size and shape (Figs. 1 and 2). The 
staining reaction with neutral red was uniform, slightly toward the add range of 
this dye (9, Figs. 1 and 2). At this time the increase in size of the milk spots was 
caused by the increased size of the cells which had phagocj'tized the lipoid. A few 
of the cells of the interspaces contained a single x-acuole of the lipoid, but in general 
they did not participate actively in the reaction. Moderate numbers of neutro- 
philic leucocytes responded to the first but not to subsequent injections, and those 
which appeared with the first injection were soon phagocj'tized bj' dasmatoevtes 
and removed. These leucocj-tes exhibited no eddence of phagoGj-tic actidtv for 
the phosphatide. 

24 hours after two daily injections of the phosphatide, the milk spots of the 
omentum were still larger. The j'oung, undifferentiated connective tissue cells 
showed evidence of rapid maturation toward monocj'tes, although the cytoplasm 
was filled wth the large, irregular shaped vacuoles. Numerous mitotic figures 
were present (9, Fig. 3). In sections the cells of the milk spots were as large as 
epithelioid cells and their cj'toplasm was filled rvith large, clear spaces from which 
the hpoid had been removed during fixation (R 820, Table I). 

After three daily injections of the phosphatide, the omentum was markedly 
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thickened, due to the increased size and number of milk spots (R 821, Table I). 
Many mitoses were seen, as well as cells dividing by amitosis. In spreads or 
scrapings of the omentum another significant change was noted. More of the 
cells of the milk spots had vacuoles of uniform size but considerabl}" smaller than 
in the earlier stages. The staining reaction to neutral red was unclianged. The 
c3doplasm of these cells appeared foamy in sections. 

Fig. 3 shows a second stage epithelioid cell from the supravital preparation of 
peritoneal exudate from Rabbit R 2186. Note that the cjdoplasm is filled with 
vacuoles of uniform size and shape, but considerably smaller than those of the cell 
in Fig. 1. Fig. 4 is from the fixed section of omentum of the same animal as 
represented in Fig. 3. Figs. 3 and 4 then show the second stage epithelioid cell 
as it appears in the two techniques. It will be seen that this cell becomes the 
typical epithelioid cell, indistinguishable from those occurring in the disease. Two 
stages in the life C}^^ of this cell may now be recognized: the first, in which the 
vacuoles are verj' large but of irregular size and shape; and the second, in which the 
vacuoles are smaller and of uniform size. 

During the 2nd week after a single large dose, or after repeated daily doses of 
the phosphatide, the omentum appeared massively thickened (R 2409 and R 2408, 
Table I). The identity of the individual milk spots was lost in the hyperplastic 
mass of newly formed tissue. There was moderate h}'peremia of the vessels. 
Scattered here and there over the intestinal serosa and parietal peritoneum were 
small, white nodules, not firmly adherent. Some of the new tissue could be seen 
on the surface of all the abdominal viscera. By this time the omentum was usually 
too thick for study of spreads by the supravital method. Scrapings of the omen- 
tum and other organs showed the predominating cell to be the t}'pical epithelioid 
cell with rosette of fine vacuoles staining imiformly (9, Fig. 8). In sections the 
c3'toplasm of these cells appeared homogeneous (Figs. 5 and 6). The epithelioid 
cells were in man3’- places grouped together, forming tubercles closely resembling 
those seen in the disease. Numerous t3q)ical rosette giant cells were present. B3’^ 
a comparison of Figs. 1 and 2, representing first stage epithelioid cells, with Figs, 

3 and 4, representing the second stage epithelioid cells, and with Figs. 5 and 6, 
representing tlie third stage cells, the gradual process of intracellular dispersion 
of tlie lipoid into more numerous and finer particles can be \dsualized. 

At this stage, but never in the earl3’- reaction, rather numerous l3'mphoc3’tes and 
smaller numbers of plasma cells were present. Both the 13'mphocytes and plasma 
cells tended to occur in clumps about the tubercle-like structures, and especial^’ 
about clumps of Langhans giant cells, but the plasma cells remained apart and 
did not become scattered between the l3'mpboc3des. 

After the lipoid had been dispersed into the finest vacuoles no further percepti- 
ble change took place. The epithelioid cells so produced were remarkabb' persist- 
ent (R 377 and R 379, Table I); small clumps of these cells have been found 280 
days after a single intrapulmonar3' injection of 50 mg. of the phosphatide (R 1644, 
Table III). However, gradual resorption of the new tissue did take place. The 
areas of more diffuse reaction disappeared first, the tubercles later (R 368, R 377, 
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XABIE I 

Protocols of Rabbits Which Recencd Phosphatide from Human Tubercle Bacilli 

Jiitraperitoneally 


Animal 

Ko. 

No. of 
Qjections j 

Amount 
of each 
injection 

Interval 
bctvreen 
last injec- 
tion and 
autopsy 

Observations 




days 


RE19 

1 

80 

1 

xrnt- spots of omentam larger than normal. Many primitive 
cells, monocytes, stiiniilated monocjtes, and phagocytic cells 
with large, irregular \-aaioles staining uniformly. Large 
numbers of granulocytes, free and in clasmatocytes 

R2122 

1 

SO 

1 

Same as preceding animal (R 819). In addition, many mono- 
cytes and first stage epithelioid cells in retrosternal lymph 
nodes 

R2I85 

1 

£0 

1 

Same as preceding animal (R 2122) 

R820 

2 

80 

1 

Definite accentuation of milk spots of omentum. They were 
made up principaily of primitive cells, monocytes, and first 
stage epithelioid cells, with a few second stage. Numerous 
poliTnorphonucIears and clasmatocytes. Considerable cell 
division 

R821 

3 

80 

1 

1 MUk spots inacased in size and number. Considerable cell 

1 division. Few polymorphonuclears and clasmatocytes. 
Jtany first, a few second, and a very few third stage epithe- 
lioid cdls. Ad occasional rosette giant cell and a few small 
areas of caseation 

R 2123 

1 

1 

100 I 
100* j 

6 

hlllk spots markedly increased in site and number. hISddle 
lobe right lung partly consolidated. Pleural and peritoneal 
fluids turbid due to many monocj-tes and second stage 
epithelioid cells. In the omentum and long the cells, chiefly 
second and third stage epithelioid cells, were grouped into 
tubcrclc-likc masses around which were numerous lympho- 
cytes. Epithelioid cells and caseation in retrosternal lymph 
nodes 

R 21E6 

10 

SO 

1 

Entire omentum greatly thickened. Abdominal viscera 
covered with thin film of exudate (epithelioid cells and mono- 
cj-tes). Massive chffuse and nodular involvement of omen- 
tum and relxostcmal nodes with prindpaHy third stage 
epithelioid cells. Numerous lymphoc>’tcs, a few giant cells 
and plasma cells. Moderate amount of caseation 

R2409 

10 

so 

2 

Same as R 2186, except perhaps greater lymphocj'tic response 

R661 

n 

so 

1 

Massive thickening of omentum. Many lubercledike masses 
of third stage epithefioid cells. Many rosette giant cells. 
Many plasma cells and b'mphoc>-tcs. Moderate amount of 
caseation 

R 1016 

1 

1000 

n 

Om«ntuia nii<?!«ly thicieswf due to tuberdc-Ute nnsses and 
difiusdy scattered epithelioid cells. Massive invoh-emeat 
of setrostcmal codes with t>-pical epithelioid cells. Pre- 
douuuatiug cell in ouieutu.’a was the thi.'d stage epithefioid 
cell. Many Ij-rophocjtes, a few plasma and giant cells. 
Moderate amount c! caseation 

R 2iOS 

I 

1000 

14 

1 

Same chservations as Ln R 1016, except few lymphocj-tes and 
tnany plasma cells and Rnssefi body cells about tie tnhercl- 
IPte masses of eixthcSoid and giant celts 


• Thl-; injection Tvns made intmplcuraUy at the same time as the intraperitoncal in- 
jcciion. 
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LIPOID PRACTIONS FROM ACID-FAST BACILLI 


TABLE 1—Conchidcd 


Animal 

No. 

No. of 
injections 

Amount 
of each 
injection 

Interval 
between 
last injec- 
tion and 
autopsy 

Observations 



VIS. 

days 


R 2187 

10 

80 

7 

Reaction as in R 2408, but more caseation. Extensive involve- 
ment of retrosternal and tracheal lymph nodes 

R 368 

13 

80 

30 

Omentum massively thickened and bound to intestine by- 
adhesions. Nodular masses of third stage epithelioid cells 
and giant cells. Many plasma cells and lymphocytes. A 
little caseation 

R377 

13 

80 

1 

90 

Omentum only moderately thickened. Microscopically all the 
diffuse reaction had disappeared. A few masses of tliird 
stage epithelioid and giant cells without caseation or plasma 
cells but with a few lymphocytes. Numerous degenerating 
epithelioid cells 

R379 

13 

80 

134 

Omentum slightly thickened. Reaction similar to R 377 but 
only about one-half as c.xtensivc. Many degenerating 
epithelioid cells. A few epitlielioid cells remained in the retro- 
sternal nodes 


and R 379, Table I). As Sabin, Doan, and Forkner (9) have pointed out, this 
resorption is accomplished in part b}”^ caseation, and in part by a process of resolu- 
tion similar to that by which experimental tuberculosis of bone marrow regresses 
(25). It is in tliis late phase of the cellular reaction to tuberculo-phosphatide that 
the end stage in the life cycle of the epitlielioid cell is to be seen. 

Rabbits R 377 and R 379 (Table I) showed only discrete tubercle-like masses of 
epithelioid cells in the omentum, "with an occasional giant cell. All the diffuse 
reaction had disappeared. There were no lymphocytes or plasma cells, hlany 
of the epithelioid cells in the tubercle-like structures had pyknotic nuclei. In 
other instances the nuclei were fragmented, j'et stained densely. In still other 
instances the nuclei were paler than normal and presented irregular fringed margins 
(Fig. 5). These cells with pj’knotic or pale nuclei had irregular cytoplasmic 
borders. Large, irregular, clear spaces could be seen in the cytoplasm. They 
were obviously dead and disintegrating. The life cycle of this cell has now been 
completed. It has been seen to arise from a primitive cell (4) in the connective 
tissues (reticular or mesenchymal cell), to pass through the monocyte phase to that 
of the epithelioid cell. In the latter phase, four distinct stages have been ob- 
served; namcl}', tliat with large, irregular vacuoles, that with vacuoles of inter- 
mediate but uniform size, that with the smallest, dust-like vacuoles, and the stage 
of degeneration. 

In every animal receiving the phosphatide there has been some caseation (Fig. 
9). No area has been designated caseous unless eipthelioid cells could be seen 
within, or at the margin of, the caseous mass. Less caseation has been seen after 
the phosphatide from the human tubercle bacillus than after the other phospho- 
lipins. Further studies of the mechanisms by which caseation is produced arc 
in progress. 
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The Phosphaiide from the Ai'ian Tubercle Bacillus 

This lipoid (13) represents 2.26 per cent by weight of the organisms. 
It has been studied in the same manner as the phosphatide from the 
human tubercle bacillus. In the tissues of the normal rabbit the reac- 
tion to the avian phosphatide (Fig. 7) most closely paralleled that pro- 
duced by the phosphatide from the H-37 strain of bacilli. 

The avian phosphatide was phagocytized by the cells of the milk spots and 
remained in large vacuoles (R 686 and R 687, Table 11) of irregular shape and size 
for about 5 days. However, a few of these epithelioid cells of the first stage could 
be seen at the end of 1 week (R 685, Table II). During the 2nd week the greater 
number of cells in the omentiun were of the second stage, with vacuoles of inter- 
mediate but uniform size and shape (R 2177, Table 11). From the 12th day, 
greater numbers of the cells with the finest vacuoles were seen (R 684 and R 688, 
Table II) ; but the process of intracellular dispersion of the lipoid into the finest 
vacuoles was not completed until the 3rd week. It is therefore clear that a little 
more time was required for dispersion into the finest vacuoles than was the case 
with the phosphatide from the human tubercle bacillus. Also, at any given 
period the reaction was more mixed. For example, at 7 days (Rabbit R 685, 
Table H), there remained a few cells of the first stage, while the majority were in 
the second; and verj' rarely a cell with the finest vacuoles could be seen. 

In addition, the reaction to the avian phosphatide was characterized by greater 
numbers of plasma cells than were seen after any of the other phosphatides, except 
that from the bovine organisms. It produced more caseation than any of the 
other phospholipins except that from the timothy grass bacillus. 

The Phosphatide from the Boinne Ttihcrcle Bacillus 

The phosphatide represents 1.55 per cent by weight of the bovine 
tubercle bacillus (13). Injected intraperitoneally, it produced a reac- 
tion closely resembling those just described (Fig. 8). However, the 
cells which phagocytized this lipoid showed slower and more irregular 
intracellular dispersion of the lipoid than was seen after injections of 
the phosphatides from human or avian tubercle bacilli. 

All three stages of the epitheUoid cell could be seen at the 12th day (R 1015 and 
R 1014, Table HD- By the end of the 3rd week all the cells reached the stage 
with the finest vacuoles (R 1621, Table HI). This lipoid produced more rosette 
or Langhans giant cells than any of the other phospholipins. The epitheh’oid 
and giant cells occurred both in distinct tubercles and diffuselv as in the reaction 
to the other phosphatides. 
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TABLE in 


Protocols of Rabbits Which Received Pkosphalide from Bovine Tubercle Bacilli 


Animal 

No. 

Route of 
injection 

No. of 
injec- 
tions 

Amount 
of each 
injection 

Interval 
between 
last injec- 
tion and 
autopsy 

Observ'ations 




mg. 

days 


R 1015 

Intraperi- 

toneal 

11 

80 

t 

Massive reaction in omentum and retrosternal 
nodes. In omentum, all stages of epithelioid 
cells, first and second in largest numbers. In 
retrosternal nodes, second and third stage 
epithelioids predominated. Many giant cells. 
Moderate numbers lymphocytes and plasma 
cells. Moderate amount caseation. Many 
' tubercIe-Iike structures 

R 1014 


12 

SO 

1 

: Resembled R 1015 in every respect except that 
reaction was characterized by fewer first and 
more third stage epithelioid cells 

R 1144 

Intrapcri- 
toneal and 
subcu- 
taneous 

1 

1000 

13 

Reaction resembled that seen in R 1015. There 
were many plasma cells and Ijinphocytcs. 
Epithelioid cells with smallest vacuoles most 
numerous. Massive reaction in subcutaneous 
tissues 

R 1145 


1 

1000 

15 

1 

Massive reaction in omentum and retrosternal 
nodes. Also in subcutaneous repon of tight 
groin. A few first and second and many third 
stage epithelioid cells. Many giant cells, 
plasma cells, and IjTnphocytcs, the latter about 
periphery of tubetcle-Uke structures. Moder- 
ate amount of caseation 

R 1620 

1 

1 

Into risht 1 
pleura 1 
and lung 

2 

] 

20 1 
100 j 

1 

1 

1 

j 

The right lung was adherent to pleura at apex. 
Right upper lobe consolidated. A few first and 
second, and many third stage epithelioid celk, 
both in tubcrcIe-like masses and diffusely scat- 
tered in alveoli, hfany giant cells, plasma cells, 
and Iymphoc>'lcs. Rather extensive caseation. 
Other •viscera normal 

R 1631 

Intrapleural 

1 

50 

23 

Moderately extensive reaction on the pleura. A 
few friable adhesions. Only third stage epi- 
thelioid cells. Numerous giant cells. Many 
lymphoc>*tcs about pscudotubercles. No casea- 
tion 

R 1646 

InUatra- 

chcal 

1 

SO 

2A 

Several macroscopic areas in lungs resembling 
tubercles. These were composed principally of 
second and third stage epithelioid cells, the 
latter being more numerous. There were many 
giant cells and a few kiaphocj'tes but no casea- 
tion- Other organs oormaJ 

R 1617 


I 

50 

137 

No miCTO-copic chaegK. A few liny tubcrclc-lihe 
ihird 'U;c (isd dcgcucTstjEg) epi- 
thelioids with in occisiouil giiot cell snd a few 
lymphocytes wbc scittcrcd through the lungs. 
A few cpithcuoid cells iu tmchcal lymph code. 
Other viscera cormal 
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The Phosphatide from Bacillus leprae 

The organisms used (No. 370) for fractionation were obtained from 
the Hygienic Laboratory. The strain was isolated from a leprous 
human being in Honolulu by Clegg and Curry in 1909. The phospha- 
tide (13) represents 2.2 per cent by weight of these organisms. This 
fraction has been tested in only four rabbits, two of which received 
doses smaller than usual on account of the scarcity of the available 
material. Later two other animals received doses of this phosphatide 
identical with those from the other mycobacteria. 

Rabbits R 1949 and R 1950 (Table RQ received ten doses at 24 hour intervals. 
Each TPas killed for autopsy on the day following the last dose. One (R 1950, 
Table RQ showed a massive reaction of tubercle-like structures made up chiefly 
of epithelioid cells of the first stage, u-ith smaller numbers of the second, and a few 
third stage cells (Fig. 10). Many giant cells of complex type were seen. Some 
were very large with a mass of nuclei usuall}'" forming a cap at one side of the cell, 
and they were possibly formed by the fusion of Langhans giant cells. Numerous 
plasma cells, small numbers of IjTnphocj’tcs, and a minimal amount of caseation 
also characterized the reaction. 

The second animal (R 1949, Table RQ showed a cellular reaction much less 
extensive and of mixed t 3 'pe. Epithelioid cells of the first and second stages were 
present but did not dominate the picture. There were many monocytes, a great 
deal of \mdillerentiated connective tissue, Ijmphocj'tes, plasma cells, poljTnor- 
phonuclear leucocytes, and clasmatocj'tes. 

Rabbit R 2414 (Table RO received a single dose of 1 gm. of the phosphatide 
from B. leprae intraperitoneally. Supravital studies and fi.xed tbsues revealed no 
cellular reaction. Rabbit R 2415 (Table RO, however, received ten daily doses of 
80 mg. of the same material and showed at autopsi' ^ massiv'e reaction closely 
resembling that of Rabbit R 1950. The cause of thb variation in the reaction to 
the phosphatide from B. leprae has not been determined. 

RcacTwiis to Tiihcrculo-Phosphatide in Guinea Pigs 

As it has been indicated in the discussion of the myelin-like figures 
obsert’ed in the connective tissue cells after one or two injections of 
tuberculo-phosphatide, the reaction produced by this substance in 
guinea pigs was similar to that which occurred in rabbits. The princi- 
pal difference was that the cells of the guinea pig required more time 
for the intracellular dispersion of the material into the smallest 
vacuoles. There was also a moderate stimulation of indifferent con- 
nective tissue cells after injections of the phosphohpin in guinea pi-s 
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TABLE V 


Prolocols of Guinea Figs Which Receked Phosphalide from Human Tubercle 

Bacilli 


Animal 

No. 

Route of 
injection 

No. of 
injec- 
tions 

Amount 
of each 
injection 

Interval 
betwcCT 
last injec- 
tion and 
autopsy 




rjj. 

days 

R691 

Intraperi- 

1 

80 

1 


toneal 




R692 

ti 

2 

£0 

1 

R693 

u 

3 

£0 

1 

R690 

“ 

7 

1 

£0 

1 

R 6S9 

“ 

12 

80 

1 

R 1953 

Intraperi 

1 

£00 

Died 6 

R 1956 

loaeal 

** 

1 

500 

days 


Observations 


Moderate increase in sise of nulk spots of omen- 
tum. In the snprantai preparations and fixed 
the predominating cells Trere leucocytes, 
free and in clasmato<^'tcs. There were numer- 
ous cells in the omentum with large vacuoles of 
irregular size and shape. Numerous monoc 3 rtes. 
Considerable necrosis 

Abdominal vis^^ra covered with a thick white 
exudate consisting of leucocytes, clasmatocj'tes, 
and monocytes. No macroscopic stimulation 
of omentum. Microscopically there were many 
leuco^tcs and dasmatocytes in the interspaces; 
in the milk spots, many priimtive cells, mono- 
cytes, and first stage epithelioid cells. Con- 
siderable necrosis. Cultures of exudate negative 
Moderate amount exudate as in R 692. Omentum 
markedly thickened. An occasional tuberde- 
like structure and extensive difuse reaction. 
Fewer leucocytes and dasmatocytes than R 692. 
Numerous monoc>'tes, primitive cells, and first 
stage epitheUoid cells. Considerable amount of 
necrods and some typical caseation. Cultures 
of exudate negative 

Many white nodules free in abdominal cavit>’ or 
adherent to viscera. Very marked stimulation 
of omentum. Predominating cell was the first 
stage epithelioid cell with very large vacuoles 
(Fig. 13), both in omentum and peritoneal fluid. 
A few epithelioid cells of second stage were 
present. Moderate amount of caseation. 
Numerous tubcrcle-Iikc structures. Moderate 
increase in undifferentiated connective tissue. 
Culture of exudate negative 
Omentum extremely thickened and adherent to 
liver, spleen, parietal pcritone^lm, and dia- 
phragm. Numerous monocj'tes. Predominat- 
ing cell was the first stage epithelioid cell uith 
mycUn*lite figures, although a few second and 
an occasional third stage epithelioid cells were 
I present. Many lubercle-like structures. Mod- 
I crate amount caseation, ilodcrate increase in 
undifferentiated connective tissue. Cultures of 
peritoneal exudate negative 
Postmortem changes too extensive for 
studies 

« 41 
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than in the omentum, although unequivocal in the latter situation (Fig. 12). On 
numerous other occasions, animals which have received a single injection have 
shown the most extensive reaction in the Ijunph nodes which drain the peri- 
toneal cavitj'. Quantitatively the omental response to two injections or more has 
been greater in proportion than that to a single injection. This is in accordance 
with the observations of Menkin (26). He has observed rapid drainage of foreign 
substances through the lymphatics from a normal area; but from an area which is 
the site of an inflammatorj’^ reaction, drainage through the Ijunphatics is inhibited 
or suppressed. 

Comparison of Celhdar Reaction to Phosphatide with That to Killed 
Tubercle Bacilli and Defatted Bacilli 

Vigorous cellular reactions are induced by parenteral injection 
of all the fractions of tubercle bacilli thus far tested. It is only the 
lipoids, however, and particularly the phosphatides, w'hich produce 
reactions characterized principally by the formation of tubercle-like 
masses of epithelioid cells. It seemed necessary, therefore, to deter- 
mine any points of difference or similarity between reactions of the cells 
to tuberculo-phosphatide and those to killed tubercle bacilli and tuber- 
cle bacilli from which a portion of the fat had been removed. The 
latter represent the bacillary residue after prolonged treatment of the 
original organisms with alcohol, ether, and chloroform. 

Rabbit R 2192 received 100 mg. of heat-killed tubercle bacilli suspended in 2 
cc. of distilled water intraperitoneally and was killed 11 days later. Rabbit R 
2193 received 100 mg. of defatted tubercle bacilli in 3 cc. of distilled water intra- 
peritoneally and was killed 12 daj-s later. Rabbit R 2255 received 6.5 mg. of 
phosphatide (the amount derived from 100 mg. of human tubercle bacilli) in 1 cc. 
of distilled water intraperitoneally, and was killed 10 days later. Striking differ- 
ences were seen in the qualitative reactions to these three foreign substances. 
Each produced characteristic tubercle-like structures and scattered epithelioid 
cells. The reactions produced by the defatted and heat-killed tubercle bacilli 
were much more complex. The tissues of R 2192 and R 2193 showed many 
phagocytic clasmatocytes, leucocj'tes, and fibroblasts, all of these being more 
numerous in R 2192, which received the heat-killed bacilli. It is as if the reaction 
to the phosphatide had been produced by a relatively simple substance, while 
that to the defatted bacilli and hcat-killed bacilli had been induced bv more 
complex substances which have also the capacity to stimulate proliferation of 
other tjTws of cells than epithelioid cells. This is, indeed, not surprising since 
both the heat-killed and partially defatted bacilli contain proteins and poK-sac- 
charides which cause marked changes in the connective tissues, and which arc not 
contained in the tuberculo-phosphatide. 
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occurring at a similar time after the injection of tuberculo-phospliatide 
in that the former are more complex. However, at a later time the 
reaction to heat-killed and defatted bacilli becomes simplified by the 
disappearance of granulocytes and clasmatocytes, so that the tubercu- 
lar tissue so produced appears much like that induced by tuberculo- 
phosphatide. 

Antigenic Power of Phosphalides from Mycobacteria 

Pinner (27) first studied the antigenic nature of products from tuber- 
cle bacilli. Doan (28) and Doan and Moore (29) then found that the 
sera of some tuberculous animals and human beings contained precipi- 
tins for homologous tuberculo-phosphatide. Boissevain (30) has 
recently stated that a lipoid isolated from hiunan tubercle bacilli by 
ether extraction produced cutaneous hypersensitivity to tuberculin. 
He stated, however, that this lipoid contained acid-fast bacilli. The 
phosphatides isolated by Anderson contain no demonstrable acid-fast 
organisms. However, it was deemed advisable to investigate whether 
the latter lipoid could produce cutaneous hypersensitiveness. 

Accordingly two tuberculous animals (R 2229 and R 2230, Table VI) were given 
2 mg. each of tuberculo-phosphatide intracutaneously in 0.1 cc. distilled water 
and were observed for ewdence of reaction. Simultaneously skin tests with 
tubcrculo-protein (2vla-100, O.I mg. in 0.1 cc. distilled water) were made on the 
same animals. In addition, normal animals which had received tuberculo-phos- 
phatide (Anderson A-3) were, after an appropriate interval, tested for cutaneous 
h>'persensitivity to homologous tuberculo-protein (MA-100, 0.1 mg. in 0.1 cc. 
distilled water). 

The results of the tests are in Table W. It can be seen that the 
phosphatide given intracutaneously produces a nodule which persists 
for some time, and that this reaction is in no way comparable to hj-per- 
sensitivity to tuberculin. Moreover, animals which had received 
phosphatide parenterall}' did not exhibit cutaneous hj'persensitiveness 
to tuberculo-protein. Boissevain has attributed tuberculin hj’pcrsen- 
sitiveness and the formation of tubercular tissue to water-insoluble 
proteins from the tubercle badllus.= Although the water-insoluble 
protein isolated by Johnson and Coghill (23, 24) had been tested prexu- 
ously in this laboratorj’ (10), additional tests have recently been made. 

- At the 2Sth .\nnual Meeting of the National Tuberculosis xVssodaUon in 
Colorado Springs, June, 1932. ’ 
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pure in the biological sense, and not by bacteria which have withstood 
the processes of extraction and filtration. No such bacteria or frag- 
ments are demonstrable in stained preparations of these phosphatides. 
In addition, it is now known that the purified phosphatide is predomi- 
.nantly crystalline. It is weU known that dead, as well as li\Tng tuber- 
cle bacilli cause hypersensitiveness to tuberculin in guinea pigs. 
Cutaneous sensitization has not been elicited vith tuberculin after in- 
troduction of the Anderson phosphatide. Probably more significant 
still is the fact that the reactions of the tissues of animals to the phos- 
phatides are characterized chiefly by one type of cell, the epithelioid. In 
the light of the observation of Sabin, Doan, and Forkner ( 9 ), that leci- 
thin (from brain) produces a similar qualitative reaction, strength is 
given to the h)q)Othesis that the epithelioid ceU is a connective tissue 
cell which has phagocytized a lipoidal substance. The appearance of 
the cell suggests an emulsification of the lipoid. 

The bacterial residue which remains after extracting human tubercle 
bacilli for 4 weeks with a mixture of alcohol, ether, and water, and then 
with chloroform, retains to some degree the property of acid-fastness. 
The partially defatted organisms produced tubercular tissue when 
injected into animals. After the phosphatide is precipitated from the 
ether solution with acetone, a considerable. quantity of lipoid remains 
in solution. This partition, designated the acetone-soluble fat, has 
also been observed to produce epithelioid cells when injected into 
animals. The phosphatide, which constitutes 6.54 per cent of the 
human tubercle bacillus, is but one of three substances obtainable from 
these organisms haNung the capacity to produce epithelioid cells. It 
cannot, therefore, be e.\-pected that the phosphatide will reproduce 
quantitatively the reaction caused by the same weight of the tubercle 
bacilli from which it is derived. Nevertheless, the reaction to the 
phosphatide is remarkably pure, tends principally toward one 137)0 of 
cell, and is qualitativel3' specific. 

The fact that a thin film of phosphatide which has been mixed with 
water assumed forms which, microscopicalh*, closel3’ resemble degener- 
ating myelin has made possible a determination of the fate of this 
material after injection. The lipoid is phagoc3’tizcd 6%' monoc3'tcs, or, 
if the stimulus be great enough, 63’ the primitive cells which give rise to 
monoc3’tcs. After the lipoid has been phagoc3'tizcd it is subjected to a 
process of intracellular dispersion into finer and finer droplets. .After 
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SUMMARY 

1. A comparative study has been made of the cellular reactions in- 
duced by phosphatides from five strains of acid-fast bacilli. Each of 
these reactions is characterized piindpally by epithelioid cells and 
giant cells. 

2. The phosphatides are first phagocytized by young connective 
tissue cells or monocytes. The lipoid is then dispersed into fine 
particles with the formation of classical epithelioid cells. 

3. A comparison has been made of the reactions induced by heat- 
killed and defatted tubercle badUi with those induced by tuberculo- 
phosphatide. 

4. Further studies have been made to determine whether or not the 
phosphatide causes sensitization to tuberculin. It does not do so. 

5. The life cycle of the epithelioid cell has been observed in aU its 
stages. 
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EXPLANATION OF PLATES 
Plate 44 

Fig. 1. A preparation of living cells from the peritoneal fluid of Rabbit R 1802 
which had received three intraperitoneal injections of 80 mg. of the phosphatide 
from human tubercle bacilli. Note large vacuoles of irregular size and shape in 
the first stage epithelioid cells. Beneath this cell is a granulocyte. The cells at 
tlie right are monocytes. Note the delicate surface films. Supravital neutral red 
and Janus green. X1200. 

Fig. 2. Section of the omentum of Rabbit R 821 after three intraperitoneal 
injections of 80 mg. of phosphatide from H-37. The two cells with highlj" vacuo- 
lated cj'toplasm are first stage epithelioid cells or tlie same type shown in the living 
state in Fig. 1. The two smaller cells are monocjdes. Hematox 3 ’lin and eosin. 
X1200. 

Fig. 3. A film of living omentum from Rabbit R 2186 showing an epithelioid 
cell of the second stage. Note that the vacuoles are of uniform size and shape, 
but smaller than in the cell in Fig. 1. Supravital neutral red and Janus green. 
X1300. 

Fig. 4. Section of the omentum from Rabbit R 2186, shoudng epithelioid cells 
of the second stage from tlie same animal as that of Fig. 3. Note foam 3 ’ appear- 
ance of C3’toplasm. Hematox3’lin and eosin. X1200. 

Fig. 5. Section of the omentum of Rabbit R 377, 90 da 3 -s after thirteen injections 
of 80 mg. of phosphatide from H-37. The cell in the center is a degenerating 
epitlielioid cell. Note indefinite cytoplasmic outline, pale vacuolated c 3 ’toplasm, 
and disintegrating nucleus. The other cells are third stage epithelioid cells. 
Hematoxylin and cosin. X1200. 

Fig. 6. Section of the omentum of Rabbit R 2187 after ten intraperitoneal 
injections of SO mg. of phosphatide from H-37. Note homogeneous appearance 
of C 3 ’toplasm of the third stage epithelioid cells. Hemato.x 3 -lin and cosin. X 1200. 
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Plate 45 

Fig. 7. Section of omentum of Rabbit R. 688 after twelve injections of 80 mg. of 
the phosphatide from avian tubercle bacilli. The epithelioid cells are of the second 
and third stages. A few lymphocytes are in the lower portion of the photograph. 
Hematosy^lin and eosin. XlOOO. 

Fig. 8. A section of the omentum of Rabbit R 1015 after eleven intraperitoneal 
injections of 80 mg. of phosphatide from bovine tubercle bacilli. A large rosette 
giant cell is in the center, and about it epithelioid cells of the second and third 
stages. Hematoxylin and eosin. XlOOO. 

Fig. 9. A section from the wall of the cecum of Rabbit R 1426 after ten intra- 
peritoneal injections of 80 mg. of phosphatide from timothy grass bacilli. It 
shows a nodule of tubercular tissue with caseous center and intact epithelioid 
cells about the periphery. Hematoxylin and eosin. X240. 

Fig. 10. A section from the omentum of Rabbit R 1950 after ten intraperitoneal 
injections of 80 mg. of phosphatide from leprosy baciUi. Note that all of the 
epithelioid cells are highly vacuolated. Hematoxylin and eosin. X1300. 

Plate 46 

Fig. 11. A section from the retrosternal Ijmiph node of Guinea Pig R 1927, 3 
weeks after a single intraperitoneal injection of 20 mg. of phosphatide from human 
tubercle bacilli. Note epithelioid cells surrounding a Ij-mphoid folUde. Hcma- 
toxjdin and eosin. X2S0. 

Fig. 12. A section from the omentum of Guinea Pig R 1927 (same animal as of 
Fig. 11), showing epithelioid cells and giant cells beneath the serosa. Hematoxylin 
and eosin. X250. 

Fig. 13. A living preparation of peritoneal exudate from Guinea Pig R 690 
after seven intraperitoneal injections of 80 mg. of phosphatide from human tuber- 
cle bacilli. Note m 3 -elin-like figures in the two large cells, those in the upper one 
being smaller than those in the lower cell. Supravital neutral red and Janus 
green, X1050. 

Fig. 14, A section of the omentum from the same guinea pig as that in Fig. 13. 
Note highly x-acuolated appearance of cytoplasm in the epithelioid cells, and 
compare with the appearance of the same cells in the li\dng preparation (Fig. 13). 
Hematox}-lin and eosin. XlOOO. 
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SOME PHYSIOLOGICAL CHARACTERISTICS OF EPITHE- 
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In order that an accurate comparison might be made of the proper- 
ties of normal and malignant tissues m vilro, it was necessary to study 
tissues of identical origin. For such a purpose, the spontaneous 
epithelial tumors of the mouse, originating from the mammary gland, 
are most suitable. However, as a technique for the successful culti- 
vation of normal mammary epithelium has not yet been perfected, 
such an investigation had to be limited to the characteristics of various 
types of tumors.^ According to Apolant,® Murray,® and others, mouse 
tumors are histologically of either benign or malignant nature. The 
relations between their microscopical structure and their physiological 
properties as manifested in vitro are still unknown. But in a previous 
article from this laboratory certain differences in the behavior in 
vilro of epitheliums from diverse tumors were mentioned. The pur- 
pose of the studies described in the present paper was to ascertain the 
significance of these differences. 

Histological 

A number of tiunors were studied histologically, and cultivated in 
vitro by the technique pre^^ously reported.^ The microscopical struc- 
ture of spontaneous mammary gland tumors of the mouse was thor- 
oughl}" described in 1906 by Apolant,® whose findings and classification 
have in general been confirmed and adopted by later investigators, 

‘ Santesson, L., J. Krp. Med., 1932, 65, 281. 

= Apolant, H., Arb. h. Inst. esp. Thcrap. Frar.kf. a.M., 1906, 1, 7. 

® Murray, J. A., 3rd Scicni. Rep. Inv. Imp. Cancer Research Fund, London, 
190S, 69. 
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notably INIurray,® Gierke, ^ and Haaland.® According to Apolant," 
these tumors form one large group, whose members have gradually 
developed from a common origin by a differentiation whicli has taken 
place in various directions. Although the stages of this differentia- 
tion are far from being sharply defined, it is still possible, according 
to Apolant, to distinguish two main types, adenomas and carcinomas. 

The tumors discussed in the present article occurred among a large 
group of mice, about 14,000 in number, composed of four strains, 
Rockefeller Institute, Swiss, Lathrop, and Dilute Brown.® Macro- 
scopically, the tumors were mostly well dej&ned, encapsulated, and 
solid. Microscopical examination of over 1,300 mammary gland 
tumors proved that the findings of Apolant hold true, and that a his- 
tological classification is possible. Nevertheless, the types are not 
sharply distinct, and such a classification must be considered artificial 
to some extent. The tumors cultivated in vitro have been found to 
belong to one of the folloiving groups: adenomas, adenocarcinomas, 
and carcinomas. 

Adenomas , — These tumors are macroscopically homogeneous (Fig. 
1). They contain, as most epithelial mouse tumors do, only a very 
small amount of stroma, and consist of round or elongated alveolar 
structures, closely corresponding in appearance to the acini of the 
normal mammary gland. Like these, they are composed of small 
cells, uniform in appearance, and organized in single layers. Mitoses 
are seldom obsen'^ed. The acini lie compactly together, and are 
mostly without any recognizable septa in the central parts of the 
tumors. Some tumors contain a more or less abundant round cell 
infiltration. In the central parts of the tumors, there is a tendency to 
secondary alterations such as cyst formation, edema, necrosis, or 
hemorrhage, the adenomatous structure being still generally main- 
tained. Carcinomatous degeneration may also occur. To judge 
from their histological picture, these tumors are of a highly organized, 
benign cliaracter. They are the first stage in the development of 
mammarj’’ gland carcinomas, as Apolant® has clearly shown. 

^ Gierke, E., 3rd Scictil. Rep. luv. Imp. Cancer Research Fund, London, 1908, 115. 

® Haaland, 4//; Scient. Rep. Inv. Imp. Cancer Research Fund, London, 191 1, 1. 

® The tissues were fuxed in 10 per cent formalin, sectioned in paraffin, and stained 
with hematoxylin and cosin. 
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Adenocarcinomas . — ^When the adenoma undergoes carcinomatous 
degeneration, the epithelium proliferates into the lumen of the acini, 
and fills it. It thus constitutes a solid mass of epithelial tissue (Fig. 2) . 
This atypical growth starts generally inside a typical adenoma. It 
produces a nodule which is sharply defined and easily recognizable. 
In the early stages, mitoses are more abundant in these parts. Such 
solid epithelial nests often arise simultaneously in many places, ex- 
pand, and coalesce as the process goes on and, in the end, form a 
typical carcinoma throughout the whole tumor. It is only rarely, 
however, that this process is complete. Generally, more or less ex- 
tended carcinomatous regions are seen beside typical adenomatous 
structures, the whole constituting an adenocarcinoma. This group 
forms a connective link between the adenomas and the typical car- 
cinomas. 

Spontaneous Carcinomas . — ^Tumors of this group are typically car- 
cinomatous (Fig. 2). Adenocarcinomas, as well as carcinomas, show 
wide variations in their histological appearance. In adenocarcino- 
mas, the amount of atypical proliferation may vary greatly. In car- 
cinomas and in the carcinomatous parts of adenocarcinomas, every 
gradation was observed, from a regular structure composed of cells 
of equal size and appearance with only a few mitoses, to a highly 
malignant tissue with many mitoses and abnormal cells in disorganized 
formations. A tumor histologically benign in one of its parts may be 
of a highly malignant nature in another part. In the carcinomatous 
tumors, degenerative changes are observed to a much higher degree 
than in the adenomatous, either in some parts or in the w’hole tumor. 
The amount of stroma and round cell infiltration also varies widel}’- 
for every tumor. Thus, the appearance of these tumors is far from 
being uniform. The groups are not sharply defined, especially as far 
as adenocarcinomas and carcinomas are concerned. 

Transplantable Carcinomas . — ^Tumor 1 is an adenocarcinoma, about 
50 per cent of the tissue being adenomatous and the rest carcinoma- 
tous. It shows few mitoses and but little tendency to cell abnormali- 
ties. Tumor 2 is a typical carcinoma, with many mitoses, cell ab- 
normalities, and disorganization. But there is no necrosis. The 
Ehrlich carcinoma is a highly malignant tumor. It shows a marked 
tendency to necrosis, cell irregularities, and disorganization, and is 
usually composed of a mass of dead tissue with a thin infiltrating edge. 
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EXPERIMENTAL 

The studies have been confined to fresh cultures of tumors, as no pure strains 
have been maintained alive for long periods.^ The tumors were removed from the 
animal as soon as they were discovered.^ They were comparatively small, vith 
a minimum degree of degeneration. Tissues which were necrotic, hemorrhagic, 
or contained cystic formations were cultivated only if homogeneous fragments 
could be obtained. They were cut into small pieces, as nearly as possible of 
identical size, about 0.5 to 1.0 mm. long, and washed in Tyrode solution. Frag- 
ments for histological examination were taken at the same time, alwa3's from parts 
adjacent to the explants. 

The usual method of cultivation in Carrel flasks was employed. The following 
culture media were used. Solid phase: 1.0 cc. of chicken plasma, diluted 1:8 
with Tjaode solution, coagulated with 2 drops of chick embryonic j’uice, and 
washed twice with 3.0 cc. of Tj^de solution for 1 hour. Fluid phase: 0.5 cc. of 
rat serum diluted to 50 per cent with Tj^de solution. Every 2nd or 3d day, the 
fluid was removed, the clot reinforced, if necessary, with 0.5 cc. of chicken plasma 
1 : 8 plus 2 drops of chick embrj^onic juice, and washed 1 hour, as described above, 
after which fresh fluid medium was added. At least twelve pieces of every tumor 
were explanted, four in each flask. As no accurate knowledge of the proteolytic 
activity of the cells can be obtained from the mere observation of the liquefaction 
of the coagulum, a special test had to be developed. Coagulated egg white was 
cut into slices 35 microns thick in a freezing microtome. The slices were not trans- 
parent. When tumor fragments were placed in a culture medium on the surface 
of these slices, they attacked the protein. Proteolj'sis was easily recognized by 
the appearance of a transparent area around the tissue, while the other parts of 
the slice remained opaque. This test was applied as a routine technique to ascer- 
tain the proteolytic activities of the cells. The following procedure was used. 
At first, 0.25 cc. of diluted plasma was introduced into the flask. The tinj'^ sheets 
of egg albumin were placed in the medimn and carefullj' spread out. Then, a 
fragment of tumor was put on each square. Close to each slice, anotlier fragment 
served as a control. After the plasma was coagulated, the remaining part of the 
medium was added. Other cultures without egg albumin were alwaj's prepared 
at the same time. 

The acid production was studied bj^ cultivating the tumors in a coagulum con- 
taining phenol red. This indicator has proved reliable in revealing the changes in 
the pH which occur in sucli experiments.® In the preparation of the cultures, 
chicken plasma and rat serum diluted with Tyrode solution containing 0.04 per 
cent of phenol red were used. There was no inhibiting effect of the dj'c at such 
a concentration. The coagulum was washed with Tj’rode solution also containing 
phenol red. Prepared in this waj', the medium assumed a bluish red color, corre- 


" All operative procedures were carried out under full ether anesthesia. 
® Carrel, A., and Ebeling, A. H., J. Exp. Med., 1928, 48, 105. 
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spending to a pH of 7.8 to 8.0, as determined by comparison with a set of standard 
solutions kept in flasks of the same tj-pe. The degree of acid production could be 
judged by determining and comparing the color of various esplanted pieces, and 
also by stud 3 'ing the color change in the surrounding coagulum. It must be re- 
membered, however, that this method only permits the detection of marked 
differences in add production. Based as they are on judgment of variations in 
color, the findings obtained must be accepted with great caution. 

Physiological Characteristics of the Tumors 

From the 1,300 spontaneous tumors histologically studied, 77 were 
cultivated in vitro, 28 being adenomas, 31 adenocarcinomas, and 18 
carcinomas. The characteristics of these tumors were compared with 
those of 2 transplantable carcinomas and of Ehrlich carcinoma. 

Architecture of the Cultures. — ^The first phenomenon was the migra- 
tion from the tumor fragment of ameboid cells resembling monocytes. 
These cells usually appeared a few hours after explantation and rapidly 
spread into the medium. Later, and almost simultaneously with 
epithelial migration, tj'pical fibroblasts wandered out. The volume 
and extent of the migration of fibroblasts and ameboid cells varied 
with each tumor, and corresponded closely to the amount of leucocytic 
infiltration and of stroma observed in histological sections of the 
original growth. In no case were amebocytes or fibroblasts more 
active than could be expected from the microscopical findings. It was 
obvious that the migrating macrophages and fibroblasts originated 
from the blood cells and the stroma present in the tumors. Adeno- 
carcinomas and carcinomas generally contained more stroma and blood 
cells than adenomas. These tumors became surroimdcd by many 
ameboid cells and fibroblasts, while adenomatous tissues showed hardly 
any of these cells. In five cases, adenomas produced epithelial cells 
exclusively, without any ameboc}'tcs or fibroblasts. Each cell tj^jc 
migrated in its own manner. The fibroblasts were less active than 
the epithelial cells and were always overgrown by them. The ameboid 
cells degenerated after 3 or 4 days, while the fibroblasts ceased migrat- 
ing and later on disintegrated. 

The first sign of epithelial migration was observed after about 10 to 
12 hours. It consisted of a rounding of the edges of the c.xplants. 
Shortly after, epithelial c-xpansion set in, with mcmbranc-likc forma- 
tions spreading out concentrically from the cxplants. But obwious 
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outer edge. Tliey appeared titiicker than those of cultures from spon- 
taneous and transplantable tumors, and -were composed of densely 
crowded and irregularly organized cells. The number of mitoses was 
much greater and the tendency to cell abnormalities and to necrosis 
was far more marked than in cultures of spontaneous carcinomas. 

Duration and Rate oj Growth . — ^WTien the nutritive medium was 
composed of Tyrode solution containing 50 per cent rat serum, the 
onset of epithelial growth varied according to the different types of 
tumors. Epithelial activity in all spontaneous tumors decreased 
after 7 or 8 days’ cultivation, and ceased almost entirely after about 9 



Text-Fig. 1. Areas of epithelial migration (I) from 16 adenomas, and (11) 
from 6 Ehrlich carcinomas, cultivated in 50 per cent rat serum. 

days, even if the cultures were provided with fresh fluid medimn. Cell 
migration occurred at the expense of the original fragment, which 
became gradually thinner as the membrane expanded . This was found 
to be the case particularly for the adenomas and most of the adeno- 
carcinomas. The carcinomas showed this phenomenon to a lesser 
e.xtent. They appeared to be a transition tj-pe between adenocar- 
cinomas and Ehrlich carcinoma, where fragments constantlj’^ increased 
in size. In the case of spontaneous tumors, the e.xplants did not pro- 
duce new tissue. They merely spread. WTen adenomas were culti- 
vated, epithelial migration started after some 10 or 12 hours, and the 
rate of growth was ver>' rapid. The rate was measured in the usual 
way, and is shown in Te.xt-fig. 1. In spontaneous and Ehrlich car- 
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cinomas, epithelial migration invariably began after 20 to 22 hours, 
that is, much later than in the case of the adenomas, and the rate was 
slower, as is shown in Text-fig. 1. 

Liquefaction of Fibrin and Digestion of Egg Albumin . — ^Earher ex- 
periments^ showed that a coagulum from mouse, rat, or chicken plasma 
was readily attacked by epithelial cells migrating from spontaneous 
tumors. The mode of liquefaction of the medium varied according to 
differences in the epithelial t3q)es. Mouse and rat fibrins were found 
to be more easily digested than chicken fibrin. In the experiments in 
which the coagulum was composed of washed chicken plasma, digestion 
sometimes occurred. At its beginning, it could be detected by a 
depression in the surface of the clot just above the explants. This 
depression progressively grew larger and deeper. However, sucli a 
manifestation of the proteolytic activity of the tissue did not allow a 
precise comparison of the various types of epithelial cells. When the 
digestion of thin slices of egg albumin was used as a test, more accurate 
results were obtained. Liquefaction of the fibrin and digestion of egg 
albumin were studied for each type of tumor (Fig. 3). 

In adenomas, both proteolytic manifestations were observed to be 
parallel (Figs. 3 and 10), and were very marked. Fragments from 
18 adenomas were cultivated on egg albumin slices, according to the 
method described above. After 10 to 15 hours, digestion was observed 
in the form of a transparent area surrounding the explants, while the 
other parts of the albumin sheet remained opaque. Proteolysis 
corresponded to epithelial migration. Wlien the growth was rapid, 
the proteolysis was always marked. When the migration was slow or 
non-existent, as happens in embryonic extract or Tyrode solution, 
little or no proteolysis occurred. But if after 48 hours, the medium 
was replaced by rat serum, which caused rapid epithelial extension, 
digestion took place. When tumor fragments were e.xplanted near 
an albumin sheet, the wandering epithelial membrane reached its bor- 
der after 1 or 2 days, and produced a transparent zone in the form of a 
half-moon, which increased in size as the membrane spread. 

Several adenocarcinomas were found to differ markedly in their 
proteolytic acti\dties. The egg albumin test was used in 20 cases. 
Proteolysis first appeared after from 10 to 15 hours up to 4 days, and 
was equal to or less marked than that produced by the adenomas. 
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From the point of view of their proteolytic activity, adenocarcinomas 
closely resembled adenomas. 

Similar experiments were performed on 11 carcinomas. In 4 cases, 
there was no observable digestion. In 4 other cases, digestion ap- 
peared after 5 to 6 days, remaining very slight. The liquefaction of 
the medium was correspondingly slight and did not take place at all 
in a few tumors. In the last 3 tumors, proteolysis occurred earlier 
and was more marked, although stiU slight. 

Twelve tumors of the Ehrlich carcinoma strain were cultivated on 
albumin sheets (Figs. 3 and 11). Yery slight liquefaction of the 
coagulum took place with hardly any digestion of egg albumin, al- 
though the epithelium grew extensively. 

Add Produciion . — The production of acid was studied by cultivat- 
ing the explants in media containing phenol red. As in the case of 
proteolysis, the amount of acid was closely related to the activit}' of 
the epithelial cells. After 15 to 30 minutes, the fragments of adeno- 
mas assxuned a bright yellow color, corresponding to a pH of about 
6.0 to 6.4. Simultaneously with epithelial migration, the yellow color 
spread in the medium surrounding the explants. This yellow area 
was much larger than that of the tissue, and contrasted markedly 'with 
the bluish red color of the medium. WTien embr}^onic chick juice or 
pure Tyrode solution was used as fluid medium, the fragments showed 
a red color, corresponding approximately to a pH of about 7.4 to 7.8. 
But if the fluid medium was removed and replaced by rat serum, the 
explants readily changed to a bright yellow. Acid production by 
adenomas was always high. In adenocarcinomas, it was more vari- 
able, but always corresponded to the rate of epithelial expansion. The 
carcinomas, including Ehrlich carcinoma, also presented a yellow 
color. They were never more add than adenomas, and generally 
much less. The size of the yellow area was always smaller than in 
the case of adenomas. 

Invasion of Normal Tissues . — It has been shown in this laboratorj*' 
that spontaneous mammar>'- gland tumors, unlike Ehrlich epithelium, 
do not infiltrate and overgrow normal tissues in vitro. However, 
slight differences were observed in the behador of epithelium of differ- 
ent U'pes. In order to ascertain whether these differences were re- 
lated to the histological structure, cmbrj'onic mouse tissues were added 
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to explants from various tumors. The results were similar to those 
described in a previous article.^ Spontaneous tumors either failed to 
invade the added tissues, or invaded them very slowly, whereas epi- 
thelium from Ehrlich carcinoma readily overgrew normal tissues. 

Adenomatous epitlielium from 4 tumors maintained its regular out- 
line, either pushing away the embryonic fibroblasts, or becoming em- 
bedded amidst them. In such a case, the fibroblasts formed a structure 
like a capsule around the epithelial colony (Fig. 6) . No bud-like forma- 
tions were observed. Three adenocarcinomas gave similar results, 
except that one of the explanted pieces produced very thin, elongated 
tubules. Only 1 carcinoma was studied. In every explant, the 
epithelium advanced in bud-like formations or tubules into the em- 
bryonic tissue and, in one case, grew into it for more than a month. 
Ehrlich epithelium rapidly invaded the embryonic explant in thicker, 
bud-like structures (Fig. 7), and infiltrated it entirely in about a month. 

DISCUSSION 

A comparative study has been undertaken of the physiological 
characteristics in vitro of 77 spontaneous epithelial mammary gland 
tumors of the mouse, 2 transplantable mammary gland tumors, and 
a strain of Ehrlich’s carcinoma. The properties of the epithelial cells 
have been found to depend on the histological type of the tumors 
(Table I). Obvious differences were observed in the architecture of 
the colonies, according to the adenomatous or carcinomatous nature of 
the explants. The adenomas expanded evenly in a single layer, 
mthout any cell irregularities or necrotic parts. There were very 
few mitoses. The carcinomas grew in a more irregular manner, with 
a tendency to form double layers, buds, and tubules. They showed 
some cell irregularities and mitoses. Ehrlich carcinomas contained 
a great many mitoses and abnormal cells, growing unevenly and in 
disorganized formations. The rate of epithelial expansion in rat 
serum was found to be invariably more rapid in the cultures of adeno- 
mas than in tliose of carcinomas, especially of Ehrlich carcinoma. The 
presence of fibroblasts and of ameboid cells did not modify the rate 
of growth (Text-fig. 1). It was evident that epithelial migration was 
less rapid in malignant than in benign tumors. This confirmed the 
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tiimors were often found to be easily transplantable and might be 
considered as dinicaUy malignant. However, it cannot be doubted 
that histological characteristics are related to certain physiological 
properties. Malignant degeneration manifests itself by simultaneous 
morphological and fxmctional changes. These changes are quantita- 
tive rather than quahtative. They occur gradually. There is no 
sharp border line between benign and malignant degeneration. The 
differences in the behavior in silro of explants from various tumors 
could conceivably be used as a means of diagnosis. By studying the 
mode and rapidity of cell migration, the digestion of egg albumin, and 
acid production of fragments of tumors, it has been possible to deter- 
mine the histological nature of the tissue. It remains to be ascertained 
whether similar differences between various tj'pes of tumors are of 
general significance. If such is the case, tissue culture might possibly 
be used not only for making differential diagnosis, as suggested by 
K-apel,*< but also for determining the degree of malignancy of a given 
tumor. 


SUMMARY 

1. The histological and physiological characteristics in vitro of 
mouse tumors have been compared. 

2. Twenty-eight adenomas, 31 adenocarcinomas, 18 carcinomas, 
and a series of tumors from 2 transplantable carcinomas and from 
Ehrlich carcinoma have been cultivated in vitro. 

3. The adenomas were characterized by cells of normal appearance, 
migrating quickly and organizing in thin membranes, by few mitoses, 
a large acid production, and a rapid digestion of fibrin and egg albumin. 

4. The carcinomas differed from adenomas in a less rapid and ex- 
tensive migration of epithelial cells, a tendency to grow in bud-like 
formations, the presence of many mitoses, and a lesser add production 
and fibrin and albumin digestion. 

5. Ehrlich cardnoma differed from both adenomas and spontaneous 
cardnomas in the unhealthy state of the cells, their irregular growth, 
and the occurrence of a great many mitoses. .Add production was 
slight, and digestion of egg albumin or fibrin less marked, and even 
entirely lacking. 

Kapel, O., Arch. exp. ZeJIfcrsch., 1929, 8, 35. 
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School, Boston) 

Plate 50 

(Received for publication, July 13, 1932) 

The principles upon which prophylactic inoculation against tj'phoid 
fever is based are unquestionably sound, and there can be no doubt 
of the fact that the procedure has considerably diminished the inci- 
dence of the disease during the last thirty years. The instances of the 
failure of antityphoid vacdne to protect against infection are, however, 
QOt so rare as to preclude the possibility that some of the vaccines now 
in use are not as efficient as they should be. Practically all the vaccine 
used in this country is made from the Rawlins strain of Bacterium 
typhosmn — a culture isolated by Sir Almroth Wright in 1903 — al- 
though our knowledge of bacterial dissociation strongly suggests that 
such an old culture would by now have become considerably altered in 
antigenic composition. 

That rough strains of practically all the pathogenic microorganisms are inferior 
to the smooth forms as protective antigens has been demonstrated by many differ- 
ent rvorkers. The results obtained by Weber (1) and by Arkwright (2) with 
guinea pigs actively immunized with the rough and smooth \-ariants of tjphoid and 
paratjphoid cultures indicate that this rule apph’es likewise to the enteric group. 
The report of the British Army Coimcil (3) that non-A-irulent strains are as suitable 
ns wrulent cultures for making antitj-phoid A-accine was based on the assumption — 
since proved erroneous — that the ability of a \accine to produce flagellar aggluti- 
nins is s\TiomTnous with its protective efficiency. 

IMiitehead (4), in comparing the Rawlins strain with a freshly isolated smooth 
culture, although observing certain cultural differences between them, concluded 
that the Rawlins must be considered a smooth strain because it produced somatic 
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agglutinins when injected into rabbits. Since, however, when he tested the re- 
sistance of his inrmunized rabbits to the injection of a living, smooth culture, the 
three Rawlins rabbits died, -whereas two of tlie three smooth vaccine rabbits 
lived, he expressed a doubt as to whether we are justified in using somatic agglu- 
tination to estimate the immunity' conferred b}'- a vaccine. 

The writer (5) has reported the results of comparative bactericidal tests with 
the blood of hvunan beings before and after receiving the customary course of pro- 
phjdactic inoculations with a vaccine prepared from a smooth, freshly isolated 
strain of Bacterium iyphosnm and witli a vaccine made from the Rawlins strain. 
In these experiments, whereas the bactericidal power of the blood of tliose recei-ving 
the smooth vaccine showed a considerable increase, the bactericidal power of the 
blood of those receiving the Rawlins vaccine was slightl)’’ less after vaccination 
than before. 

The present paper gives the results of a study of a number of Rawlins 
cultures now in use in this country for making vaccine, and presents a 
comparison of the protective efficiency of these cultures with that of a 
number of freshly isolated smooth strains. In order to do this prop- 
erly, it was necessary to carry out a preliminary study of the cultures 
employed from the point of view of dissociation, since there has been no 
generally accepted and precise definition of smoothness and roughness 
in this group and of the relationship of individual dissociation 
forms to immunizing power. 

For this purpose, twelve Rawlins cultures were obtained through 
the kindness of the directors of twelve different laboratories engaged in 
making antityphoid vaccine. These laboratories were in tlie main 
selected to represent those whose vaccine is most mdely used, although 
all these cultures originated at one time or another from the cultures 
maintained at the Army Medical School or at the National Institute 
of Health in Washington. Four of these strains were considered to be 
smooth in the laboratories from ■v\ffiich they were obtained, two were 
considered as intermediate and three as rough. On three others no 
opinion -was offered as to their state of dissociation. 

The twelve Rawlins cultures were compared with a number of 
freshly isolated smooth strains in respect to morphology, motility, 
colony form, nature of growth in infusion broth, growth in 10 per cent 
normal horse serum broth after 6 hours’ and after 24 hours’ incubation 
and stability of suspension in normal saline solution. 
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Culhiral and Serological Characteristics 

Morphology. — ^Although the morphological differences between the smooth 
strains and the Eawlins cultures were not sufficiently distinct to differentiate one 
from the other with certainty, the Rawlins organisms did show a much greater 
tendency to appear as long, thread-like forms. Furthermore, when stained with 
a modification of the Hiss capsule stain, the bacilli of the smooth cultures gave an 
appearance resembling capsule formation which was not obtained in similar prep- 
arations of the Rawlins cultures. 

Motilily. — ^Five of the Rawlins strains were composed predominantly of motile 
forms; four were largely non-motile, and three showed no evidence of motility in 
hanging drop preparations or in cultiues in semisolid agar. 

Colony Form. — ^It is evident that a number of factors influence the appearance 
of the colonies on infusion agar or on blood agar plates. Chief among these fac- 
tors are the moistness or dryness of the plates, the length of incubation time of the 
cultures and the degree of separation of the colonies on the plate. Under com- 
parable conditions of cultivation, however, two of the Rawlins cultures produced 
colonies corresponding to the classical rough Hpie; that is, large, flat and rugose, 
with irregular edges. The other ten cultures showed colonies which were inter- 
mediate between this tj'pical rough form and the smaller, shining, lenticular col- 
onies of the smooth cultures. 

Fig, 1 shows colonies of a freshly isolated smooth culture. The colonies in Fig. 

2 are from a culture which had been isolated 2 years previously and which, although 
showing a slight roughening of colony surface, had not altered in virulence or in 
protective efficiencj'. Fig. 3 shows colonies of the intermediate t\'pe from one of 
the Rawlins cultures and Fig. 4 represents a t>'pical rough colony. 

Growth hi Infusion Broth. — Smooth strains of Bacterium typhosum give a uni- 
formlj" turbid growth in infusion broth. Three of the less motile Rawlins cultures 
showed this smooth tj’pe of growth. Two cultures flocculated completely, leaving 
a clear supernatant fluid; i.e., the tropical rough manner of growth. Seven cul- 
tures were turbid but with a heayj- sediment and a distinct pellicle. 

Growth in 10 Per Cait Normal Horse Serum Broth. — In 10 per cent normal horse 
serum broth smooth cultures are uniformly turbid from the time growth becomes 
readily visible. The twelve Rawlins cultures, however, showed a flocculent type 
of growth up to about 6 hours’ incubation. After 24 hours two of these cultures 
were turbid with a hea\y sediment, eight were turbid with sediment and pellicle 
and two were still flocculated. 

Stability of Suspensions in Normal Saline Solution. — Eleven of the Rawlins 
strains formed stable suspensions in 0.83 per cent sodium chloride solution, as do 
tjpical smooth cultures. One strain, which gave the other reactions of a rough 
variant, while still suspended after 2 hours in the water hath, sedimented after 
remaining a fimther 12 hours in the refrigerator. 

Agglutination of the Rawlins Cultures by Anti-Smooth Sera. — ^Agglutination tests 
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were carried out with the twelve Rawlins cultures, using the serum of rabbits 
immimized with a motile, smooth and with a non-motile, smooth culture. With 
the anti-motile, smooth serum eight of the Rawlins suspensions showed the floccu- 
lent, flagellar type of agglutination in a dilution of 1/12,800, which was also the 
titre of this serum against a motile, smooth culture. The three non-motile cultures 
gave the granular, somatic t 5 'pe of agglutination in a serum dilution of 1/6,400, 
and one culture failed to agglutinate in a 1/100 dilution of this serum. The serum 
of the rabbit immunized with the non-motile, smooth culture agglutinated eleven 
of the Rawlins strains in dilutions var 3 dng from 1/200 to 1/3,200, which was the 
titre of this sermn against smooth cultures. The culture which failed to aggluti- 
nate in the anti-motile, smooth serum also gave no agglutination in the anti-non- 
motile smooth serum. 

Comparison of the Virulence of the Rawlins Cultures with the Virulence of 

Smooth Strains 

The virulence of the twelve Rawlins cultures was now compared 
mth the virulence of a number of freshly isolated strains, by determin- 
ing the number of organisms killed by a given quantity of fresh, defibri- 
nated guinea pig blood and by virulence tests in mice. 

Bactericidal Tests . — ^In the bactericidal tests a series of tubes containing 0.5 cc. 
of a 1/4 dilution of fresh, defibrinated guinea pig blood was inoculated with 1 drop 
of progressive dilutions of an 18 hour broth culture of the organism to be tested. 
The tubes were then sealed and incubated in a rotating bo.v to insure thorough 
mixing. After 48 hours’ incubation, a loopful of each tube was plated out to deter- 
mine whether growth had taken place. In such tests the 0.5 cc. of diluted fresh 
guinea pig blood failed to kill the ten or fifteen smooth organisms contained in 1 
drop of the 10“® dilution of cultme. In other words, this dilution of fresh guinea 
pig blood is not bactericidal for smooth typhoid bacilli. On the other hand, 
approximately 100,000 organisms of the Rawlins cultures contained in 1 drop of 
the 10“^ dilution were killed by the same quantity of diluted guinea pig blood which 
had no bactericidal effect on the smooth cultures. 

Virulence Tests in Mice . — ^Preliminary virulence tests in mice with smooth 
strains of Bacterium typhosiim showed that the percentage mortality decreased very 
slowl}’’ as the dose was reduced; namely, 0.1 cc. of an IS hour broth culture killed 
95 per cent, 0.01 cc. killed 60 per cent and 0.001 cc. killed 20 per cent of the mice 
injected. It was impossible with any degree of accuracy, therefore, to e.xpress the 
difference in the virulence of various strains as a difference in the minimum lethal 
dose. The percentage mortalit}’- resulting from the injection of the 0.1 cc. dose 
was, therefore, used to express the difference in virulence of the Rawlins and the 
smooth cultures. In such tests five mice were injected with each of the twelve 
Rawlins cultures. Each mouse received intraperitoneally 0.1 cc. of an 18 hour 
broth culture so diluted that the dose was contained in 0.5 cc. Of the 60 mice used 
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in tins test only two, or 3.3 per cent, died. In contrast to this, sis smooth cultures 
killed all but two of the 40 mice similarly tested — a mortality of 95 per cent. 

Active Immunization of Mice 

Three preliminary experiments were carried out to test the immunity developed 
in mice following active immunization with vaccines prepared from one of the 
Rawlins cultures and from a smooth culture. The method of immunization em- 
ployed in these three experiments varied somewhat and the test doses were given 
in both 0.1 cc. and 0.01 cc. amounts. As the results, however, were essentially 
similar, they maj' be summarized as follows: Of sixteen control mice, fourteen, or 
87 per cent died; of thirt}'-two Rawlins vaccine mice, twentj'-eight, or 87 per cent 
died; while of thirty-one mice receiving the smooth vaccine, only one, or 3 per cent 
died. 

Since the results of these mouse protection tests agreed with the previously 
reported experiments on the effect of the Rawlins and the smooth vaccine on the 
bactericidal power of human blood (5), mouse immunization was considered a fairly 
adequate and simple method of comparing the protective effidency of different 
strains of typhoid bacilli. Five mice were therefore immunized with each of the 
twelve Rawlins strains, and the mortality following the injection of a living, smooth 
culture compared with that of a number of control mice immunized with smooth 
vaccines. 

The procedure was as follows: Each mouse was given two injections at 5 day 
intervals of 0.1 cc. of a 24 hour broth culture killed by heating at 56°C. for 1 hour. 
10 days after the second injection, they received as the test dose 0.1 cc. of an 18 
hour broth culture of a smooth strain — a dose which, as previously noted, resulted, 
in imtreated mice, in a mortality of 95 per cent. Of the 60 mice vaccinated with 
the twelve Rawlins vaccines, 55, or 91.6 per cent died, whereas of thirty-seven 
mice similarly vaccinated with six different smooth cultures and tested as controls, 
only two, or 5.4 per cent died. 

In addition to the twelve cultures of the Rawlins strain used in the above studies, 
one laboratorj’sent in, as the culture they are now using for^'accine, a strain isolated 
from the blood of a tj'phoid patient in Nov., 1931. This strain gave all the cul- 
tural and serological reactions of a motile, smooth tj'phoid bacillus. It grew out 
in the 1/4 dilution of fresh, defibrinated guinea pig blood through the 10“*' dilution; 
0.1 cc. of an 18 hour broth culture killed the five mice tested, and in the mouse pro- 
tection test four of the five mice sui-vivcd. (The fifth mouse did not appear well 
at the time the test dose was given.) 

.■^s a final comparison of the Rawlins and the smooth vaccine, five mice were 
given two intraperitoneal injections, each at an interi-al of 5 daj-s, of 0.1 cc. of the 
vaccine prepared bj' one of the laboratories from what was considered by them 
to be a smooth Rawlins culture. Five mice were given two similar injections each 
of the vaccine prepared b\' tlie laboratorj' using the reccntlj- isolated smooth cul- 
ture. 10 daj's after the second injection these ten mice each received 0.1 cc. of an 



912 


EAWLINS STRAIN OP BACTERIUM TYPHOSUM 


Ciillwal, Serological ajid Immunological Reacti 


Culture 

Motility 

Colony form 

Growth in broth 


A 

Non-motile 

Intermediate 

Turbidity with pellicle and 

( 

Rawlins 



sediment 


B 

Predominantly 

Intermediate 

Turbidity with pellicle and 

C 

Rawlins (smooth) f 

motile 


sediment 


C 

Non-motile 

Intermediate 

Uniform turbidity 

C 

Rawlins (smooth)t 




D 

Non-motile 

Intermediate 

Uniform turbidity 

Cc 

Rawlins (rough) f 



1 

E 

Predominantly 

Intermediate 

Uniform turbidity 

Co; 

Rawlins (intermediate)t 

non-motile 


11 

F 

Predominantly 

Intermediate 

Turbidity with pellicle and 

Cor 

Rawlins 

motile 


sediment 

111 

G 

Predominantly 

Intermediate 

Turbidity with pellicle and 

Coir, 

Rawlins (rough) J 

motile 


sediment 

llo 

H 

Predominantly 

Intermediate 

Turbidity' witli pellicle and 

Corn] 

Rawlins (smooth) f 

motile 


sediment 

floe 

I 

Predominantly 

Intermediate 

Turbidity with pellicle and 

I 

Comp 

Rawlins (smooth)J 

non-motile 


sediment 

floo 

J 

Predominantly 

Intermediate 

Turbidity with pellicle and 

Compl 

Rawlins (intermediate) f 

motile 


sediment 

flocc 

K 

Predominantly 

Rough 

Completely' flocculated 

Comph 

Rawlins 

non-motile 



flocci 

L 

Predominantly'’ 

Rough 

Completely' flocculated 

Complc 

Rawlins (rough) { 

non-motile 



floccu 

M§ 

Predominantly 

Smooth 

Uniform turbidity 

Uniform 

Freshly isolated smooth 

motile 



bidity 

(smootli)t 







* 10“' indicates that growth took place only in the tube inoculated with 1 drop of the 10"' dilub' 
10"- indicates that growth took place in the tube inoculated with 1 drop of the 10"' dilution a 
10"® indicates that growth took place in all tubes, including that inoculated with 1 drop of the U 
t See text for method. Five mice used in each test. 

I Opinion of laboratory' submitting culture. 

§ Five other - ’• 
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of protection against typhoid fever conferred by the Rawlins strain 
than to discuss whether it is a smooth, intermediate or rough variant. 

Three practicable methods are at hand for testing the antigenic 
potency of a vaccine: namely, agglutination by the serum of vacci- 
nated animals or man; bactericidal tests with human blood following 
vaccination, and protection tests with actively immunized animals. 
The direct test of protection in man is of course out of the question. 

It has been demonstrated by many workers that the heat-labile, 
flagellar H antigen is the same in the smooth and the rough phase, and 
that the flocculent H agglutinins are not a measure of protection. 
Nevertheless, it is still a common practice, when such tests are made, to 
assess the potency of a vaccine by its ability to induce the formation of 
this H type of agglutinin, and to judge the protection of vaccinated 
individuals by the same test. 

It has been maintained by numerous workers in this field that the 
heat-stable, somatic 0 substance is characteristic of the smooth vari- 
ants, and that O agglutinins develop pari passu with bactericidal and 
protective antibodies. On this basis, one would assume any culture 
giving the somatic type of agglutination nith anti-smooth serum to be 
a smooth culture, and that the presence of O agglutinin in a serum was 
evidence of immunity. The present stud}' shows, however, that cer- 
tain intermediate forms of the Rawlins strain, while gi^ung the somatic 
t}'pe of agglutination nith anti-smooth sera, were in cultural charac- 
teristics and in \'irulence quite different from the smooth form. Fur- 
thermore, the human immunization e.vperiments pre\'iously reported 
and the mouse protection tests here presented show that these cultures, 
while inducing the formation of O agglutinins in man and rabbits, did 
not increase the bactericidal power of hiunan blood, nor protect mice 
against subsequent infection ufth smooth cultures. 

Agglutination, therefore, of neither the flagellar nor the somatic 
13^36 can be used as a test of the protective power of a vaccine. 

The bactericidal test, while obNaously open to the objection that it 
deals only ^Yith the serum antibodies^ and leaves out of consideration 
the possibly very' important changes in fixed cell reaction following 
prophylactic vaccination, offers the most direct practicable method of 

' AVe know from other e.-qjeriments that the drculating leucocj-tes plav little or 
no role in intravascular protection against Bartcrium lypkosim. 
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into the rough variant, there is no need to resort to frequent fresh iso- 
lations, or to animal passage in order to insure the use of a smooth cul- 
ture. We have in our laboratory a strain which has been kept on agar 
slants and transferred every 2 weeks for 3 years without loss of viru- 
lence or protective efficiency. 

Since the use of smooth cultures for vaccine presents no serious diffi- 
culty and since the most direct practicable tests of their protective 
value indicate their decided superiority, while tradition alone supports 
the use of the Rawlins strain, it would appear practically certain that 
the use of smooth cultures would very considerably increase the pro- 
phylactic efficiency of antit}q)hoid vaccines. 

CONCLUSIONS 

A study of the subcultures of the Rawlins strain of Bacterium typho- 
sim used by twelve different laboratories for vaccine production 
showed that they all differed from recently isolated smooth strains in 
cultural characteristics, virulence and protective efficiency. 

Eleven of these Rawlins cultures gave both the flagellar and the 
somatic type of agglutination in anti-smooth rabbit serum, and the one 
culture so tested produced both flagellar and somatic agglutinins when 
injected into rabbits and man. 

Agglutination of neither the flagellar nor the somatic type can, 
therefore, be used as a test of the smoothness of a culture or as an index 
of immunity. 

Since the Rawlins strain differs from the smooth phase of Bacterium 
typhostm in cultural characteristics and in \drulence, and is much less 
efficient than smooth strains as a protective antigen; and since the 
selection and maintenance of smooth cultures suitable for vaccine pro- 
duction present no serious difficulty, it would seem but logical to sub- 
stitute virulent, smooth cultures for the very old Rawlins strain, if we 
are to e.xpect the maximum protection from antit}q)hoid vaccination. 
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In a series of experiments planned for the purpose of injecting the 
vessels in the heart valves, a colloidal suspension of carbon particles 
was injected into the coronary arteries of human hearts vhich had 
been excised at autopsy. Y^en one came to study the injected speci- 
mens It was soon observed not only that the vesse’ls in the heart were 
^ e with the carbon particles but also that the arteries in attached 
naps of the parietal pericardium contained the injection mass. 
Further observation showed that an extensive network of vessels in 
e adventitia of the aorta and pulmonary arter}' was also injected. 
These observations led to a more thorough study of the e.xtra cardiac 
anastomoses of the coronary arteries. The results of this investif^a- 
tion are reported here. ^ 


e terature furnishes little if an\- detailed description of the e.xtracardiac 
^astomojes of the coronaiy arteries. The most instructive paper is that of 
^ nger (4) who, during a study of the Thebesian vessels by coronary arterv- in- 
ir* branches of the coronar>- arteries anastomosing with vessels in 

e mediastinum, the parietal pericardium, the diaphragm and the hha of the 
vngs. \\ oodruff (10) in 1926 called attention to anastomoses of branches of the 
coronary arteries with the vasa \'asorum of the ascending aorta. In 1925 Weam 
V ; noted that on injecting the coronarj- arteries with India ink or Berlin blue the 
1 ^ aorta were filled with the inj’ecUon mass. Robertson 

1 I m 1930 pointed out the importance of the arteries of the fat pads of the heart 
in ^ e presence of disease of the coronarj- arteries. He discussed also the anasto- 
^es of branches of the coronarv- arteries -n-ith the periadventitial vessels of th- 
"““E aorta and other vessels of the thorax. Several reriews of the litemture 
mcluding those of Gross, 1921 (2), .Monckeberg, 1924 (5), Spalteholz. 1924** (7), 
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Warburg, 1930 (8) and Karsner (3), have mentioned the extracardiac coronary 
anastomoses. 

The exact extent and origin of the extracardiac anastomoses of tlie 
coronary arteries with the arteries of the nearby tissues and structures 
have not been clearly defined or described. Even their presence is 
not generally known. In view of this fact and with the possibility in 
mind that these anastomoses may be of important physiological and 
pathological significance, this investigation was undertaken. 

EXPERIMENTAL 

The injection method employed was that described by Bromer, Zschiesche and 
Wearn (1). Glass cannulae were inserted and tied into the coronary arteries from 
within the aorta through a longitudinal slit in the aortic wall. The injection mass 
used was a 3 per cent suspension of lamp black and 5 per cent acacia in distilled 
water. In some instances India ink diluted with an equal part of distilled water 
was used and found satisfactory. The injection mass was warmed to 40°C. and 
specimens were injected in a water bath at about the same temperature and 
massaged during injection. In a few experiments a suspension of 10 per cent 
bismuth oxychloride and 6 per cent acacia (approximately) in distilled water was 
used instead of the carbon suspension. 

The cannulae were connected by short pieces of rubber tubing to a Keyes two- 
way stop-cock so that either negative or positive pressure could be used. At the 
beginning of the experiment, suction was applied for a few minutes while the heart 
was being massaged, to withdraw air and blood from the vessels. The mass was 
then injected under a positive pressure of 220 mm. of mercurj’’ for 5 minutes or 
longer. 

The extent of the anastomoses demonstrated depended in some degree upon the 
tj^pe of specimen injected. In some cases the coronar}’- arteries were injected 
with the heart in situ. This was accomplished after removal of the anterior 
thoracic wall by cannulating the coronary arteries through a small incision in the 
aorta. The surrounding structures were disturbed as little as possible. Satis- 
factorj' injections of specimens were obtained, however, in eviscerated prepara- 
tions, where the thoracic organs, the diaphragm aiid the abdominal viscera were 
removed en bloc, and care was taken to keep the pericardium intact around the 
openings of the great veins. The presence of intact pericardium around the root 
of the aorta and pulmonar}’’ arterj' was not so essential to a satisfactorj’^ extra- 
cardiac injection as was the presence of undamaged pericardial reflections around 
the great veins. 

After the injection was completed, the vessels were described and sketched and 
the entire specimen was placed in 10 per cent formalin for from 24 to 48 hours. 
Blocks were cut and sections prepared to demonstrate the presence of intravascular 
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injection mass microscopically. Thirt3’’-one specimens were injected in this 
manner, of which number, twelve consbted of heart and parietal pericardium; 
eight of heart, parietal pericardiimi and diaphragm; and five of heart, parietal 
pericardium, limgs and diaphragm. Four others were the e\’TScerated thoracic 
organs without an\^ dissection and two were injected in silu. 

Careful study of the injected material revealed extensive anasto- 
moses between the coronary arteries and the vessels of the neighboring 
organs and other structures. These extracardiac branches of the 
coronary arteries emerged from the heart in several regions and were 
constant in the material studied, no variations of moment being noted. 
Among the more common sites of emergence were (1) around the root 
of the aorta; (2) around the base of the pulmonary artery: (3) around 
the pulmonary veins; (4) around the ostia of the superior and inferior 
venae cavae, and (5) in the intervascular pericardial reflections. A 
more detailed description of these vessels follows : 

1. The vessels emerging aroimd the root of the aorta were direct 
branches of the coronary arteries arising near the aorta and extensions 
of the branches to the pericardial fat pads into the adventitia of the 
aorta. The largest injected vessels were found just above the aortic 
valve on the anterior surface of the aorta. The vasa vasorum within the 
wall of the aorta, as well as the arteries and arterioles in the adventitial 
and periadventitial connective tissue, were injected regularly from the 
aortic ring to the diaphragm and occasionally for a short distance 
below the diaphragm. These vasa vasorum were also injected in 
part through anastomoses with the pericardial, mediastinal and 
diaphragmatic vessels. 

2. The vessels emerging at the base of the pulmonarj’- arterj' were 
either within the wall of or closely adherent to the artery and its 
branches. They maintained these positions even after the branches 
were well within the substance of the lungs. It was noted that these 
vasa vasorum of the pulmonarj’^ arterj" received their injection mass 
from several sources; namely, directl}' through coronary branches from 
the conus (Fig. 4), from pericardial reflections around the pulmonarj' 
artery^ from the injected mediastinal and bronchial arteries and from 
the arteries in the subpericardial fat pads at the base of the heart. 

3. ilany arteries were found lea^^ng the heart around the pulmo- 
nary veins. They emerged as a rule at the site of the percardial re- 
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rounding organs contributed branches which anastomosed with those 
from the coronary arteries. These were, in tlieir usual order of 
prominence: the pericardiacophrenic branches of the internal mam- 
mary arteries and the anterior mediastinal, pericardial, bronchial, 
superior and inferior phrenic, intercostal and esophageal branches of 
the aorta (Fig. 5). 

In order to determine whether the heart could be injected directly 
through the thoracic branches of the aorta, a large glass cannula was 
inserted in the aorta above the coronary orifices. The aorta was tied 
between the cannula and the heart and also at the level of the dia- 
phragm. The innominate, left common carotid and left subclavian 
arteries were tied. Injection of the aorta was then made. Micro- 
scopic examination of sections of the waU of the left auricle near the 
openings of the pulmonary veins showed injection mass in the coronary 
vessels (Fig. 3). The extent and capacity of these channels are now 
being studied in an attempt to determine the actual part they play in 
the circulation of the heart in normal and abnormal states. 

SUMMARY 

Widespread anastomoses of the auricular brandies and the coronary 
branches to the pericardial fat with the pericardiacophrenic branches 
of the internal mammary arteries and the anterior mediastinal, 
pericardial, bronchial, superior and inferior phrenic, intercostal 
and esophageal branches of the aorta have been described. The 
most extensive anastomoses between the cardiac and extracardiac 
vessels are around the ostia of the pulmonary veins. It was possible 
not only to demonstrate the passage of injection mass from the cor- 
onary arteries into the vessels of surrounding structures, but also to 
show vessels in the heart injected through the thoradc branches of 
the aorta. 

This rich potential extracardiac coronary collateral circulation is 
probably of significance in compensating for sderosis of tlie large 
trunks of the coronary arteries. 

These experiments were carried out during the course of another 
study. The authors wish to express their thanks to Dr. E. S. Orgain 
for taking part in some of the experiments. 
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EXPLANATION OF PLATES 
PlATE 51 

Fro. 1. Drawing of heart, lungs and diaphragm after injection of the coronarj* 
arteries with a colloidal suspension of carbon particles. A network of injected 
pericardial and mediastinal vessels is seen. There are large injected pleural and 
diaphragmatic vessels. About one-half natural size. 

Plate 52 

Fig. 2. Drawing of the inner surface of the parietal pericardium and the in- 
ferior surface of the diaphragm. The coronary arteries were injected and the 
heart removed to e,xp>ose the sites of anatomoses between coronaiy and extra- 
cardiac vessels. About one-half natural size. 

Plate 53 

Fig. 3. Wall of left auricle with vessels containing carbon particles. The in- 
jection was made into the thoracic branches of the aorta and the injection mass 
entered the heart through the anastomoses around the ostiaof the pulmonarj’ veins 
X 14. 

Fig. 4. Longitudinal section of the pulmonar>* arterj- and \alve of a child. 
Many large adventitial vessels were injected from the coronarj' arteries. X 5. 

Fig. 5. Mucosa of esophagus containing vessels injected with carbon particles 
from the coronaiy arteries. X 70. 

Fig. 6. Mucosa of trachea containing vessels injected with carbon particles 
from the coronarj- arteries. X 90. 
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The natural corollary to the demonstration of the extracardiac 
coronary anastomoses would be that whatever vascular reserve such 
a collateral circulation might provide would be increased in the event 
of vascularized adliesions between the pericardial surfaces. Thorel 
(7) reported a case of a man 68 years of age who died of carcinoma and 
at autopsy both coronary arteries were found to be obliterated in their 
proximal portions. The obliteration was of a character judged to be 
of long duration. The existence of extensive pericardial adhesions 
was thought by him to have provided an adequate collateral circula- 
tion tlirough the vessels of the parietal pericardium. 

Four hearts with partial or complete pericardial obliteration by 
fibrous adhesions were injected by way of the coronary arteries in the 
manner described in the previous paper. 

Case 1 {3955). — K white man, 54 years of age, died of carcinoma of tlie stomach. 
At autops}’’ the pericardixun was found to be completely obliterated by fibrous 
adhesions and the parietal pericardium was adherent bilaterally to the pleurae, 
the surfaces of which were also fused localty by fibrous adhesions. The heart was 
not enlarged. 

In addition to the coronaries, tlie vessels of the parietal pericardium were filled 
by injection mass, and the adhesions between the pericardial surfaces were so 
extensively injected as to appear almost ruiiformly black. 

Microscopic examination of sections including the myocardimn and attached 
parietal pericardium, showed the intervening tissue to be richly vascularized with 
vessels filled by injection mass. 

The coronary arteries were patent throughout and were the seat of only mild 
intimal sclerosis. 

Case Z {3884 ). — A white man, 40 years of age, died of gradually progressive 
cardiac failure due to rheumatic heart disease. At autops)"^, rheumatic pancarditis 
was found, with chronic mitral, aortic and tricuspid valvulitis, cardiac hypertrophy 
and dilatation, and extensive pericardial adhesions over the anterior siuface of 
the heart. There was a complete injection of the vessels of the parietal peri- 
cardium which were especially numerous at the site of the adhesions. Injection 
mass was seen in the vessels of the diaphragm and of the trachea and bronclii. 
The coronary arteries were free from sclerosis. 

Microscopic examination of sections through the pericardial adhesions dis- 
closed many vessels extending from epicardium to parietal pericardium, filled with 
injection mass. 

Case 3 {3883 ). — A white woman, SO years of age, died of congestive heart failure 
due to rheumatic heart disease. At autopsy rheumatic pancarditis was found \vith 
chronic mitral, aortic and tricuspid valvulitis, cardiac hypertroph}' and dilatation. 
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EXPLANATION OF PLATE 54 

Figs. 1, 2 and 3. Three photographs of the same block of m 3 '-ocardium with 
attached fused visceral and parietal pericardium. The coronary arteries were 
injected with a suspension of lamp black, and the injection mass passed be- 
tween epicardium and parietal pericardium through the vascularized adhesions. 
(Case 3.) 

Fig. 1. Formalin-fixed block. X 7. 

Fig. 2. Cleared block. The anastomoses between vessels of parietal pericar- 
dium and epicardium are seen. X 7. 

Fig. 3. hlicrophotograph of section from same block stained by hemato.xj-lin 
and eosin. The adhesions are dense and fibrous and there is considerable in- 
durated fat adherent to the outer surface of the parietal pericardium-. The in- 
jection mass has dropped out of some of the larger vessels. X 10. 

Fig. 4. Photograph of parietal pericardium including injected pericardiaco- 
phrenic artery (Case 4). The great vessels were cut at their ostia and the natural 
reflections of the parietal pericardium were all cut. The pericardial vessels were 
injected through the -vascularized adhesions from the coronary arteries. Three- 
fourths natural size. 
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